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The following pages contain my Notes on the History and the 
Illuminatum of LigMhouses, with a few additions in various 
places, and Excerpts from my Accamit of the Skertyvore Light- 
house, which were originally prepared at the desire of the 
Commissioners of the Nobthern Lighthouses. I gladly 
embrace this opportunity of acknowledging the liberality of 
the CoMMissioKERS, who have now put them at my disposal for 
reproduction in any form that might seem desirable. 
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My Dear Mr. Fresnel, 

There is no one to whom I can 
dedicate this small Volume so properly as to you. Much 
of what it contains is founded on information which I 
owe to your generosity and friendship. A great part of 
it, also, is devoted to a description of the beautiful sys- 
tem of Lighthouse Illumination invented by your late 
distinguished Brother, Augustin Fresnel; who, to the 
high intellectual endowments which have extended his 
fame over the whole scientific world, united, in a re- 
markable degree, those amiable qualities which endeared 
him much to all who knew him, and most to those who 
knew him best ; and from whom, when, in earlj 









/ ^MA' 



iy,*V 4.,4y^ i^fA^tmui </f uthetiou and re^Kct. 

VVjr faithfullj yours, 

Alan Stevenson*. 
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My Dear Mr. Fresnel, 

There is no one to whom I can 
dedicate this small Volume so properly as to you. Much 
of what it contains is founded on information which I 
owe to your generosity and friendship. A great part of 
it, also, is devoted to a description of the beautiful sys- 
tem of Lighthouse Illumination invented by your late 
distinguished Brother, Augustin Fresnel; who, to the 
high intellectual endowments which have extended his 
fame over the whole scientific world, imited, in a re- 
markable degree, those amiable qualities which endeared 
him much to all who knew him, and most to those who 
knew him best ; and from whom, wlieii, Vn ^^t\n[ ^wx^. 



2 HISTORY OF LIGHTHOUSES, 

foriDS Tia that tlic fleet of Ulysaes actually struck thi 
shore of the Cyclopean island, before it could hi 
On the faith, also, of similar obscure and finely-drawi^ 
etymologies, various places, such as Calpe and A hyla, th<! 
opposite points of Africa and Europe, at the Straits of th« 
Mediterranean, have been unhesitatingly recognised ajf 
the sites of celebrated light-towera ; and the Latin words 
turria and columna have been supposed primarily to sij 
nify a lighthouse, the first being written Tor-is, the Towe\ 
o/Jire, and the second Col-on. the Pillar of ike Sun. 

Nor does there appear any bettor reason for suppoi 
ing, that, under the history of Tithonua, Chiron, or 
other personage of antiquity, the idea of a lighthoBi 
was conveyed ; for such suppositions, however reconcil) 
able they may appear with some parts of mythology, i 
volve obvious inconsistencies with others. It seems, i 
deed, most improbable, that, in those early times, wb 
navigation was ao little practised, the advantages of ba 
eon-lights were so generally known and acknowledge 
as to render them the objects of mythological allegorj 
It must not, however, be imagined, that ancient wri 
ings are entirely destitute of allusions to the subject 
beacon-lights for the guidance of the mariner. Thfrl 
venerable poet already noticed, in speaking of the shield 
of Achilles, has beautifully described the flash of a bea- 
con-light in some solitary place, as seen by seamen 
leaving their friends, in lines, which contain ample 
proof of the existence of such a provision for the safety 
of the mariner in Homer's time. — II., xi.i. 375. 

In the English Bible the word beacon occurs bnl 
once, and tf^at in the Prophecies of Isaiah (xxx. 17), 
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Ored atove 200 years later than Homer ; but the ori- 
ginal, as translated by the Seventy, merely imports a 
flagstaff or perch, and doea not at all imply the know- 
ledge of beacon-lights among the Hebrews, who were 
not a maritime people. 

Ahout 300 years before the Christian era, Chares, the 
disciple of Lyaippue, constructed the celebrated brazen 
statue, called the Colossus of Ehodes. It was of such 
dimensions as to allow vessels to sail into the harbour 
between its legs, which spanned the entrance. There 
is considerable probability in the idea, that this figure 
served the purposes of a lighthouse ; but there is no 
passage in any ancient writer, where this use of the Co- 
loaaus ia expressly mentioned. Many inconsistencies oc- 
cur in the account of this fabric by early writers, who, 
in describing the distant objects which could be seen from 
it, appear to have forgotten the corresponding height 
which they must thus assign to the figure. The statue 
was partly demolished by an earthquake, about eighty 
years aftet its completion ; and so late as the year 672 
of our era the brass of which it was composed was aold 
bj the Saracens to a Jewish merchant of Edessa, for 
a Hum, it is said, equal to £36,000. 

Little is known with certainty regarding the Pharos 
of Alexandria, which was regarded by the ancients as 
one of the seven wonders of the world. It was built in 
the reign of Ptolemy Philadelphus, about 300 years be- 
fore the Christian era; and Strabo relates that Soatra- 
tos, a friend of the royal family, was the architect. He 
describes it as built in a wonderful manner, in many 
storeys of white stone, on a rock forming tli« 
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'lory of the island Pharos (whence the tower derived 
name), and says that the bnilding bore the inscriptit 
" Sostratus of Cnidos, the son of Dexiphanes, to 
Gods, the Saviours, for the benefit of seamen." 
concludes his brief notice of it by describing the ne. 
bouring shores aa low and encumbered with shoals 
snares, and as calling for the establishment of a 1< 
and bright beacon, aa a sign for sailors arriving from 
ocean to guide them into the entrance to the hayeu 
(See Strabo, Oxon., 1807, page 1123; Plin. Nat. Hi 
ii. 87, V. 31, xiii. 21.) 

The accounts which have come down to us of 
dimenaions of this remarkable edifice are exceedinj 
various ; and the statements of the distance at which 
could be seen are clearly fabulous. That of Josephua 
(who likens it to the second of Herod's three towers at 
Jerusalem, called Phasael, in honour of his brother) is 
the least removed from probability; yet even ho in- 
forma ua, that the fire which burnt on the top to enable 
seamen to anchor in eight of it, before coming near the 
shore, and so to avoid the difficulty of the navigation by 
night, was visible at a distance equal to about thirty- 
four English milea. Such a range for a lighthouse on 
the low shores of Egypt, would require a tower about 

1550 feet in height!* Ammianua Marcellinus t WU 
HinyJ are both very circumstantial in their notices ^1 
ihe Pharos aa a beacon-light to guide seamen in ^B 
W * Bell. Jadaic. iv., cap. 10, see. 5, and vi., sec. 3, ^M 
I 'I' Ammianua Marcellinus, 1. xx'd., u. 16. ^^t 

I i Plinii Hist. Nat., xxx-n. 18. ^M 
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Mjhing the coast of Egypt and port of Alexandrian 

e latter adds the interesting fact, that the cost of tho 

s reckoned at n aum equal to ahout £390,000 

■iOiir money; and both of them agree in stating, that; 

Kght was ahewn from it at night. Ammianus Mar* 

linus differs from all the other writera, in attributing 

( erection of the tower to Queen Cleopatra. Plinj; 

Ktions in passing, that there were also lighthouses a 

a and Kavenna. 

{ the reports of some writera are to be believed, thi 

Srat must have far exceeded in size the great Pyramid 

self; but the fact that a building, of comparatively Si 

late a date, should Lave so completely disappeared, whilst 

the Pyramid remains almost unchanged, is a sufficien) 

reason for rejecting, as erroneous, the dimensions whiel 

have been assigned by most writers to the Pharos oi 

Alexandria. Some havo pretended that large mirron 

were employed to direct the rays of the beacon-light oi 

its top, in the most advantageous direction ; but, in b 

far as I know, there is no definite evidence in favour oi 

tbia supposition. Others, with greater probability, 1 

imagined that this celebrated beacon was known to m» 

riners, simply by the uncertain and rude light affordet 

by a common fire. The poet Lucan, on most occasiortf 

Bufficiently fond of the marvellous, speaks of the Pharra 

I fts having indicated to Juliua Cajsar his approach t 

I Egypt on the seventh night after he sailed from Troy^ 

\ but he takes no notice of the gigantic mirrors which i 

L u said to have contained. It is true that, by using th< 

1^ ffird " lampada" which can only with propriety be ap 

Jill ■" ,ti. 11 more perfect mode of illumma^\oii tici.^'a i 
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open fire, he appears to indicate that the "fiat 
which he speaks, were not so produced. The word " la,\ 
pada" may, however, he used metaphorically, and "fai 
mie" would, in this case, not improperly describe the 
regular appearance of a common fire. 

Perhaps, also, the opinion that some kind of lamp wl 
used in the Pharos, may seem to receive eo^mt6nan^ 
from the remarkable words of Pliny, in the passa; 
above cited — " Periculum in continnatione ignlum, 
aidus oxistimetur, quoniam S longinquo similis flai 
rum aspectua est." The fear he expresses lest the 
viewed from a distance should be mistaken for a 
could hardly be applicable to the diffuse, oscillatiag, lutrj 
bent light derived from an open fire, and certainly giT« 
some reason for imagining that, even at that remote 
time, the art of illuminating lighthouses was better un- 
deratood than in the early part of the present century, 
Casual notices of the Pharos are also to be found in 
Caaaar's Commentaries, Valerius Flaccus, and Pomponina 
Mela.t At Alexandria there is a modern lighthouse 
called the Pharos, which is maintained by the Pacha of 
Egypt. It may not, perhaps, be unwarrantable to sup- 
pose that the word Pharos, as applied to a lighthouse 
Hellenic form of Phrah, the Egyptian name of the 

Mr Moore, in his History of Ireland, vol. i., p, 
speaks of the Tower of CoruDa, which he says is men- 
tioned in the traditionary history of that country as i 
lighthouse erected for the use of the Irish in their fifr 

• Phawal., ix. 1004. M 

I Cfesax de Bell. Civil-, iii ; Argonanl, vii., 64 ; PoB 
Mel«, ii,, 7. 
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mi early intercourse with Spain. In confirmation of 

I opinion, he cites a somewhat obscure passage from 

picus, the cosmographer. This, in all probability, 

(•tower which Humboldt mentions in his Narrative 

r the name of the Iron Tower, which wae built as a 

e by Gains Saevius Lupus, an Eirchitect of the 

fcof Aqua Flavia, the modem Chaves. A lighthouse 

Lately been established on this headland, for which 

ric apparatus was supplied from the workshop of 

j^tourneau of Paris.* 

i also a record in Strabo of a magnificent 
I fighthouse of stone at Capio, or Apio, near the harbour 
of Menestheus (the modern Mesa Asta or Puerto de 
Sta. Maria), built on a rock nearly surrounded by the 
sea, as a guide for the shallows at the mouth of the 
Guadalquiver, which he describes in terms almost iden- 
tical with those used by him in speaking of the Pharos of 
Alexandria. I am not aware of any other notice of this 
great work, for such it seems to have been, to have de- 
served the praises of Strabo.f 

In Camden's Britannia, a passing notice is taken of 
the ruins called Ccssars Altar, at Dover, and of the 
Tour d'Ordre, at Boulogne, on the opposite coast; both 
of which are conjectured, on I know not what authority, 
to have been ancient lighthouses. Pennant describes the 
remains of a Roman Pliaros near Holywell, but cites no 
authorities for his opinion as to its use. There were like- 
wise remains of a similar structure at Flamboroughhead. 

I * See also a curiauB account of the traditionB about this tower 

LSonthey'!. Letters from Spain and Portugal, p. 17. 



] 



b HISTORY OP LIGntnOOSES, 

A very meagre and unintelligible account ia also ^' 
of a lighthouse at St Edmund's Chapel, on the coaal 
Norfolk, in Gough's additionB to Camden, by whiol 
might seem that the lighthouse was erected in 1272. 

Such seemB to be the sum of our knowledge of the 
ancient history of lighthouses, which, it must be admit- 
ted, is neither accurate nor extensive. Our information 
regarding modem lighthouses is of course more minute 
in its details and more worthy of credit. The greater 
part of it is drawn from authentic sources ; and much 
of what is afterwards stated is the result of my own ob- 
servation, during my visits to the most important light- 
houses of Europe. 

The first lighthouse of modem days that merits atten* 
tion, is the Tour de Corditan, which, in point of archi- 
tectural grandeur, is unquestionably the noblest edifice 
of the kind in the world. It is situate on an extensive 
reef at the mouth of the river Garonne, and serves as it 
guide to the shipping of Bourdeaux and the Languedoc 
Canal, and indeed of all that part of the Bay of Biscay. 
It was founded in the year 1584, but was not completed 
till 1610, under Henri IV. It is minutely described in 
Belidor's Architecture Ilydraulique. The building is 
197 feet in height, and consists of a pile of masonry, 
forming successive galleries, enriched with pilasters and 
friezes, and rising above each other with gradually 

• Gough'B Camden's Britannia, vo!. i., 318, and vol. ii., p. 198. 
Batcheller, in hia Dover Guide (1S45, p. Ill), says, that the 
Dover Pharoa woa built " during tLe lieutenancy of Aulua Plautiu* 
and Ostoriua Scapula, the latter of whom left Britain A.D. 53, 
f__Pennaii('s Hittory of Wkiteford and Holij-aell, p. 
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miniaheil diametera. Those galleries are surmounte 

f a conical tower, which termiaatos in the lant«m 
md the base is a wall of circiimvallation, 134 feet ia 

iameter, in which the lightkeepers' apartments 
formed, somewhat in the style of casemates. Thia wal 
is an outwork of defence, and receives the chief shock 
of the waves. The tower itself contains a chapel, i 
various apartments ; and the ascent ia hy a spacious 
staircase. The first light exhibited in the Tour de Cor* 
daan was obtained by burning billets of oak wood, in a 
ehanffer at the top of the tower ; and the use of coal in- 
stead of wood, was the first improvement which the Iigh< 
received, A rude reflector, in the form of an inverted 
cone, was afterwards added, to prevent the loss of light 
which escaped upwards. About the year 1780, M. Lenoir 
was employed to substitute paraboloidal reflectors ami 
lamps ; and in 1822, the light received its last improve* 
ment, by the introduction of the dioptric instruments of 
Augustin Fresnol, the celebrated French Academicia 

The history of the famous lighthouse on the Eddy-s 
stone Rocks is well known to the genera! reader, froOt 
the " Narrative" of Smeaton the Engineer. Those rocks 
are 9i miles distant from the Ram-Head, on the coast 
of Cornwall ; and from the small extent of the surface 
of the chief rock and its exposed situation, the construc- 
tion of the lighthouse was a work of very great diffi- 
culty. The first erection was of timber, designed by Ms 
Winstanley; and was commenced in 1696. The lighj 
was exhibited in November 1698. It was soon found, 
however, that the sea rose upon that tower to a much 
greater height than Lad heen anticipated; an \wiiiV ? 
^1 
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it is said, as to " bury under the water" the lantei 
which was sixty feet ahove the rock ; and the engm 
was therefore afterwards under the necessity of enl; 
ing the tower, and carrying it to the height of 120 fi 
In November 1703, some considerable repairs were 
quired, and Mr Winatanley, accompanied by his wo' 
men, went to the lighthouse to attend to their execati( 
but the storm of the 26th of that month carried a\i 
the whole erection, when the engineer and all his ass 
ants unhappily perished ! 

The want of a light on the Eddystone, soon led t< 
fatal accident ; for not long after the destruction of 
Winstanley's lighthouse, the Winchileea man-of-i 
waa wrecked on the Eddystone Eocks, and most of '. 
crew were lost. Three years, however, elapsed, ^ 
this melancholy proof of the necessity for a light, 
the Trinity-House of London could obtain a new Ao 
Parliament, to extend their powers ; and it waa not 
the month of July 1706, that the construction of a n 
lighthouse was begun under the direction of Mr J< 
Rudyerd of London. On the 28th of July 1708, ' 
new light was first shewn, and it continued to be re] 
larly exhibited till the year 1755, when the whole fal 
was destroyed by accidental fire, after it had stood foi 
seven years. But for this circumstance, it is impossi 
to tell how long the lighthouse might, with occasio 
repair, have lasted, as Mr Eudyerd seems to have e 
cuted his task with much judgment, carefully reji 
all architectural decoration, as unsuitable for sucl 
situation, and directing his attention to the format 
of a tower which should offer the least resistance to 
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waves. The height of the tower, which was of a conid 
form, and constructed of timber, was 92 feet, iBcluding 
the lantern ; and the diameter at the base, which was fl 
little above the level of high water, was 23 feet. 

The advantages of a light on the Eddyatone havii^ 
been so long tnown and acknowledged by seamen, 
time was permitted to elapse before active measvireg 
were taken for its restoration ; and Sraeaton, to whoitt 
application was made for advice on the subject, recoia- 
meuded the exclusive use of stone as the material, which,, 
both from its weight and other qualities, he considered 
most suitable for the situation. On the 5th of April 
1756, Smeaton first landed on the rock, and made ar^- 
rangements for erecting a lighthouse of stone and pre^. 
paring the foundations, by catting the surface of the 
rock into regular horizontal benches, into which the- 
stones were carefully dovetailed or notched. The first 
stone was laid on 12th June 1757, and the last on the 
34th of August 1759. The tower measures 08 feet in 
height, and 26 feet in diameter at the level of the first 
entire course ; and the diameter under the cornice ia 
15 feet. The first 12 feet of the tower form a solid 
mass of masonry ; and the stones of which it is com- 
posed are united by means of stone joggles, dovetailed 
joints, and oaken treenails. It ia remarkable thaG 
Smeaton should have adopted an arched form for the' 
floors of his building, instead of employing the floors as 
tie-vralls formed of dovetailed stones. To counteract 
the injurious tendency of the outward thrust of those 
arched floors, be had reuourse to the ingenioud expe- 
dient of laying, in circular trenches or ^w-^ft?, ts^ 
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the atonea which form the outside casing, tie-belte. 
chain which were heated tefore being set in the grooi 
by means of an application of hot lead, and beciU 
tight on cooling after they were fixed in the wall. TS 
light was exhibited on the 16th October 1759 ; but anc^ 
was the state of lighthouse apparatus in Britain at i 
period, that a feeble light from tallow candles was aH 
that decorated this noble structure. In 1807, when tl 
property of this lighthouse again came into the hand); 
of the Trinity-House, at the expiry of a long lease, Ajl 
gand burners, and paraboloidal reflectors of silvered o 
per, were substituted for the chandelier of candles. 

The dangerous reef called the Inch Cape or I 
Rock, 80 long a terror to mariners, was well kno'WD ■! 
the earliest navigators of Scotland. Its dangers t 
so generally acknowledged, that the Abbots of Ab< 
hrothwick, from which the rock is distant about twrf 
miles, caused a float to be fixed upon the rock witi 
bell attached to it, which, being swung by the motj 
of the waves, served by its tolling to warn the marii 
of his approach to the reef. From this circumBtajgi 
which formed the groundwork of Southey's striking b 
lad of Sir Ralph the Rover, the rock is said to havejl 
rived its name. Amongst the many losses which o 
red on the Bell Rock in modern times, one of the i 
remarkable is that of the York, seventy-four, vrith\ 
her crew, part of the wreck having been aftetwft^ 
found on the rock, and part having come ashore on I 
neighbouring coast. During the siirvey of the i 
also, several instances were discovered of the exteni 
loss which this reef had occasioned ; and many ardol 



ANCIENT AND MODERN, 13 

of ship's furnishings were picked up on it, as well as 
yarious coiDS, a bayonet, a silver ahoe-buckle, and many 
other small objects. Impressed with the great imports 
ance of some guide for the Bell Rock, Captaia Brodie, 
R.N., set on foot a small subscription, and erected a 
beacon of spars on the rock, which, however, was soon 
destroyed by the sea. He afterwards constructed a 
second beacon, which soon shared the same fate. It 
was not, therefore, until 1802, when the Commissioners 
of Northern Lighthouses brought a hill into Parliament 
for power to erect a lighthouse on it, that any efEcient 
measures were contemplated for the protection of seamen 
from this rock, which, being covered at every spring- 
tide to the deptli of from twelve to sixteen feet, and 
lying right in the fairway to the Friths of Forth and 
Taj, had been the occasion of much loss both of property 
and life. In 1806, the bill passed into a law ; and va- 
rious ingenious plana were suggested for overcoming the 
difficulties which were apprehended, in erecting a light- 
house on a rock twelve miles from land, and covered to 
the depth of twelve feet by the tide. But the sugges- 
tion of Mr Robert Stevenson, the engineer to the Light- 
honse Board, after being submitted to the late Mr 
Rennie, was at length adopted ; and it was determined 
to construct a tower of masonry, on the principle of the 
Eddystone. On the 17th of August 1807, Mr Steven- 
8on accordingly landed with his workmen, and com- 
menced the work by preparing the rock to receive the 
supports of a temporary pyramid of timber, on which a 
barrack-house for the reception of the workmen was to 
be placed ; and during this operation, much bai.OTi.'saa 
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to the numerous shipiYrecks, fatal alike to th^^H 
and the crews, which had occurred in their neighbotfl 
hood. A list, confessedly incomplete, enumerates thir( 
vessels tost in the forty years preceding 1844; but htf 
many others, which during that period had been reporta 
as " foundered at sea," or as to whose fate not even i 
opinion has been hazarded, may have been wrecked a 
this dangerous reef, which lies so much in the track { 
the shipping of Liverpool and the Clyde, it would I 
vain to conjecture.* The Commissioners of the North«8 
Lighthouses had for many years entertained the proJM 
of erecting a lighthouse on the Skerry vore ; and with ^ 
object had visited it, more especially in the year 181^ 
in company with Sir "Walter Scott, who, in his dial 
gives a graphic description of its inhospitable aspeq 
The great difficulty of landing on the rock, which is n 
smooth by the continual beat of Atlantic waves, whi<i 
rise with undiminished power from the deep water nei| 
it, held out no cheering prospect ; and it was not uati 
the year 1834, when a minute survey of the reef v^ 
ordered by the Board, that the idea of commencing H^ 
formidable work was seriously embraced. 

The reef is composed of numerous rocks, etretchiaj 
over a surface of nearly 8 miles from WSW. to ENl 
The main nucleus, which alone presents sufficient surfai 
for the base of a lighthouse, is nearly 3 miles from t 

* The islanders of Tjree made regular trips after sloriOB to1 
Eocl, and often returned with their boats loaded with /ore 
Even during the progress of the norkB, a ship's anahor, and so 
chain vabk much rusted, and other articles, were fished from I 
baUows of the reef. 



c 



ANCIENT AND MODERN. 17" 



ward end of the cluster. It is composed of a very: 
compact gneiss, worn smooth as glass by tho Incessant 
play of the waters, and is eo small that at high water 
little remains around the base of the tower but a narrow 
band of a few feet in width, and some rugged humps 06 
rock, separated ly gullies throu^^h which the sea plays 
almost incessantly. The cutting of the foundation folf 
the tower in this irregular flinty mass occupied nearly 
two summers ; and the blasting of the rock, in so narrow 
a space, without any shelter from the risk of flying 
splinters, was attended with much hazard. 

In such a situation as that of Skerryvore everything 
was to be provided beforehand and transported from a 
distance ; and the omission in the list of wants of even a 
little clay for the tamping of the mine-holes, might for a 
time have entirely stopped the works. Barracks were to 
be built at the workyard in the neighbouring Island of 
Tyree, and also in the Isle of Mull, where the granite for 
the tower was quarried. Piers were also built in Mull-. 
and Tyree for the shipment and landing of materials ; 
and at the latter place a harbour or basin, with a reser- 
voir and sluices for scouring tho entrance, were formed 
for the accommodation of the small vessel which attends 
the lighthouse. It was, besides, found necessary, ia 
order to expedite the transport of the building mate- 
rials from Tyree and Mull to Skerryvore Rock, to boil^ 
a steam-tug, which also served, in the early stages ofi 
the work, aa a floating barrack for the workmen. Ig^ 
that branch of the service she ran many risks, while' 
she lay moored off the rock in a perilous anchorage, 
with two-thirds of the horizon of J'oul <jrouTiA,^'a.^ t 
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••'I'ky -.lid :t\.vi:r.:: "■.etc::: a "="iiich the anchor 
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ill \i\v IVil liovk. >r<? ?!ice LI. The framewoi 
\T»s i*!vou-d ':i no course f :2e ?eason on a part of ftl 
»t»i*k iji -nr 'v»no\vu .*.* •.v<>r. le i'r??ni the proposed fiiuir 
.luiiv'ii -i .lu' ■'.;,•■•.:*. t.'=.:^o :y^vt»r : -ut in rhe great gib 
N\iiivii xVi'ur»t'a 'u :u' •■.i^i'.c -i' :i;e mI .>i Xovembe^fii• 
l i » \\ 1 1 1 ^ . : I ^\ ;i > V* m 1 1 \* i V iv ^t r».* vo*.i ;ui d swept &Qm tin 
nuk, lu'iliiiii; vtMiiamiii^ .0 "v':::: -.^ur its site but a few 
i'M'k\-u .iiui '.«tMi'»i .i\»ii «iUUKiic»'!is. aud attached to onB 
•i iluMu .% jiuvr vit .fc V;nii so -m^A.Yn and rent by dasb- 
m^^ it>:iiiiini ilu' tA»vk .is* "uvi-nlly :o resemble a bunched 
liiilt.i. l*!iii:i ilu( v»ur iti^tu v'l»;iu'ra[o :he rraces of a sea* 
mil : Hill iiiii i»l;i;.i 1 lu" uuH''* ^^"i".*.''.! Tuo Workmen fottdly 
I iiiji I iiiiii .•{ i it:ii»ir tix^i'iliiti; >ii :l\o **<'ck. and of refuge 
liitni tlif iiii.uMtiM ,ii .^M sivk'iosfii, '-^ "ucli che experience 
»»i ilui uiii.uMi ti.ui uni;M»i niauv ..>t* '."U'lii z^} i.lread more 
lliiiit *li'iiili u ii-ll \tior ii»o n»»iiov:il .u' tiie n^ughest 
imrt ofilio r.Mtiul.iiuMi v»f ilio liMvci* -uui Voea aearlvcom- 
plot I'd. diiniiy. ill most two onciiv soiisoiis, bv the party 
of moil wlu» I i vox I oil board tlio vossol wliilo she lay 
nioi»ivil oil* tho rook, a soooud aud suocossfal attempt was 
luiulo tt» plai'o a soooud boacou of the same description, 
but strou^^thouod by a few additional iron ties, h 6, 
auil a ooutro post, o o, in a part of the rock less ex- 
|M»rtoil to the breach of the heaviest waves than the 
sit(^ of the first barrack had been. This second house 
braved tho storm for several years after the works were 
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^^BBhed, when it was taken down and removed from the' 
^^Bfc to prevent any injury from its sudden destruction 
^^g the waves. Perched 40 feet above the wave-beaten 
rock, in thia Bingular abode, the writer of thia little 
volume, with a goodly company of thirty men, has spent 
many a weary day and night at those times when the- 
aea prevented any one going down to the rock, anxiously 
* looking for supplies from the shore, and earnestly long- 
ing for a change of weather favourable to the r 
mencement of the works. For milea around nothing 
could be seen but white foaming breakera, and nothing 
heard but howling winda and lashing waves. At such 
seasons much of our time waa spent in bed ; for there 
alone we had effectual shelter from the winds and the 
spray, which searched every cranny in the walla of the 
barrack. Our slumbers, too, were at times fearfully in- 
terrupted by the sudden pouring of the sea over the roof, 
the rocking of the house on its pillars, and the spurting' 
of water through the scams of the doors and windows,, 
symptoms which to one suddenly aroused from sounijt 
sleep, recalled the appalling fate of the former barrackj 
which had been engulphed in the foam not twenty yard* 
from our dwelling, and for a moment seemed to summon 
us to a similar fate. On two occasions, in particular, 
those sensations were so vivid aa to cause almost every 
one to spring out of bed ; and some of the men fled from 
the barrack by a temporary gangway, to the more stably 
I but leas comfortable shelter afforded by the bare wall ot 
I the lighthouse tower, then unfinished, where they s^nit; 
[ the remainder of tie night in the darliiieaa Mvi'Ona »y3^ 
The design for the Steri-yvore L\g\it\oxia*j "« 
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ty the writer of thia volume, and was an adaptation 
Smeaton's Eddystone Tower to tlie peculiar situation 
the circumstances of the case at the Skerryvore, 
auch modifications in the general arrangements and 
mensiona of the building, as the enlarged views of 
importance of lighthouses which prevail in the pros 
day seemed to call for. These peculiarities will, li 
ever, be noticed incidentally in a subsequent part of tid 
volume which treats of the constniction of lightlioi 
towers ; and it will only be necessary in this plaoo 
notice a few of the principal dimensions of the bnildll^ 
and some circumstances connected with the work. 

The quarries in Tyree having failed to produce 
adequate supply of materials for the work, recourse n 
had to the granite rock of the Rose of Mull, accesft 
which, free of all tax or ground-rent, was, in the nji. 
liberal manner, granted by the proprietor. His Grace u 
Duke of Argyll. This change of operations involved,.! 
already noticed, the coat of a separate establishmenfri 
the Isle of Mull, as well as the expense attending ti 
double reahipmcnt of the materials, and their transpOj 
from Mull to Tyree, a passage of about 30 miles throi 
a very rough seaway. The produce of the Mull qnarrii 
exceeds anything in the modern statistics of graniil 
quarries with which I am acquainted ; and those wS 
feel an interest in the subject of quarrying and dressing 
granite, may find the principal details given between 
pages 112 and 127 of the Account of the Skerryvi 
[iiigktkottse. 

' The Skerryvore Tower is 138 feet G inches high, 
42 feet in diameter at the base, and 16 feet at the 
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Iwntains a mass of stone work of about 58,580 cubic 
i, or more than double that of the Bell R«ck, and not 
oh leas than Jive times that of the Eddjstone. The 
lower part of the tower was built by means of jib-eraneai 
and the upper part with shear-poles, needles, and a bal-i 
ancc-crane. The sbear-polea were similar to those used 
by Smeaton at the Eddyatone ; and the jib-cranes and' 
halance-craiie were the same as those which were dfr^ 
signed for and first employed by Mr Robert Stevenson^' 
in the erection of the Bell Rock Lighthouse. The bat* 
ance-crane used at Skerrjvore, which was neccsaariljl' 
somewhat larger than that of the BeU Rock, is shewn a 
Plate III., in which a & is a portion of a cast-iron pipe 
or pillar, erected in the centre of the tower, and suscep- 
tible of being lengthened as the tower rose, by means d 
additional pieces of pillar lot in by spigot and faucet 
joints. On this pillar a frame of iron was placed, capahlj 
of revolving freely round it, and carrying two truaset 
arms and a double train of barrels and gearing, worket 
by men standing on the stages S S, wliich revolves 
round a b, along with the framework of the crane fron 
which they hung. On the one arm hung a cylindrii 
weight of cast-iron W, which could be moved along v 
by means of the gearing, ao as to increase or diminial 
by leverage its effect as a counterpoise ; and on thi 
other was a roller R. The roller ' 
with the weight on the opposite arm, as to move aloflj 
with it, receding from or approaching to the centre pil 
lar of iron in the same manner as the weight did. Fron 
the roller hung a sheave, over which a chain moved, witi 
a hook B at the end for raising the stones. "Waftii. 
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f equal parts of limestone (from the Haltin Mountain, 
lear Holywell, in North Wales), burnt and ground at 
he works, and of Pozzolano earth. The mLxture was 
arefully beaten up to the required consistency with sea- 
rater. All the joints of each course of the building were 
arefully filled with grout, which is cement in a fluid 
liate. 

The light of Skerryvore is revolving, and reaches its 
righteat state once every minnie. It is produced by 
le revolution of eight great annular lenses around a 
antral lamp with four wieka, and belongs to the first 
rder of dioptric lights in the system of Freanel. It is 
lentical with that which ia shewn in Plates IV. and V., 
id described in the second part of this treatise. The 
gilt may be seen from a vessel's deck at the distance 
■ eighteen miles. 

The entire cost of the lighthouse, including the pur- 
lase of the steam-vessel, and the building of the har- 
)ar at Hynish for the reception of the small vessel 
hJch now attends the lighthouse, was £86,977, 17a. 7d., 
le detailed items of which will be found in the Appendix 

the Account of the Lighthouse, already alluded to. 

In such a situation as the Skerryvore, innumerable 
slays and disappointments were to be expected by those 
igaged in the work ; and the entire loss of the fruit of 
le first season's labour in the course of a few hours, was 
good lesson in the school of patience, and of trust in 
unething better than an arm of flesh. During our pro- 
rese, also, cranes ami other materials were swept away 
J the waves ; vessels were driven by sudden gales to 
■et shelter at a distance from the rocky shores of MxiIiJl 

tc 
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ON THE CONSTEUCTION OF LIGHTHOUSE-TOWEBS. 

In making a design for a Lighthoase-Tower in a situa- 
tion exposed to the force of the waves, numerous con- 
siderations at once present themselves to the engineer ; 
and it is difficult to assign to any one of them a priority 
in the train of thought which eventually conducts him 
to the formation of his plan. These considerations, how- 
eyer, may be conveniently divided into two classes :— 
let, Those which refer to elements common to light- 
houses in all situations, and differ only in amount, such 
as the height of the tower necessary for commanding a 
given visible horizon, and the accommodation required for 
the lightkeepers and the stores ; and, 2d, Those which are 
peculiar to towers in exposed situations, and which refer 
solely to their fitness to resist the force of the waves which 
tends to overturn or destroy them. The first class of con- 
»derations is so extremely simple, as to rer[uire but few 
I remarks in this place. The distance at which it is desira- 
ble that a light should be visible being ascertained, with 
reference to the nature of the surrounding seas and the ex- 
tent to which any dangerous or foul ground lies seaward 
I of the proposed lighthouse, the height of the tower is at 
; once determined by means of the known relations which 
enbsist between the aphcroidicitj of the eL,fth, the effects 
of atmospheric refraction, and the height ■ceo^uvcftiS.o^ kq 
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object which is to be seen from a given distance- 
question regarding the space to be provided in the 
rior of the tower, can only be properly answered by 
son who has a minute practical acquaintance with 
peculiar iatemal economy and management of a light- 
house. The accommodation required for lighthouaes in 
exposed situations must, in a considerable degree, de- 
pend upon the greater or less facility of access to them, 
and the opportunities for repleniahing the etorea of all 
kinds which are in daily consumption. In such places, 
also, the risk of accidents naturally leads to the precau- 
tion of retaining additional lightkeepers, and of having 
duplicates, or even triplets, of those parts of the apparatus 
that are liable to be injured. Of such eircunistancee. 
corresponding extension of the space devoted to the re- 
ception of stores and the accommodation of the light- 
keepers, is the necessary consequence. In the long 
nights of winter, when the lamps are kept burning in 
the northern parts of Great Britain for about seventeffl 
hours, during which time they are never left for a ini>- 
ment without the superintendence of at least one keeper, 
the care of the light, even in the most favourable aitut 
tions, necessarily occupies at least two persons ; but in 
places like the Eddystone, the Bell Rock, and the Sker- 
ryvore, where it sometimes happens that six or ei^t 
weeks elapse without its being possible to effect a laud- 
ing, it has been thought necessary that there shooli 
never be fewer than three keepers on duty. This addi- 
tion to the ordinary establishment of a lighthouse calls 
for a. greater number of aleeping-eabina, and. at 
same time, mroiveaa corres^ioii^mg.'vTicTeft.^ftHi.'Otsa 
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^^Br of water, fuel, and other provisioua, requiring mnclf 
^^Witioiial Btowage. So far, therefore, a light-tower ia 
^^p exposed sitoation, differs from one on shore only in 
I the extent of its internal aecommodation. 

The second clasa of considerations, which must guide 
^e engineer in framing a design for a light-tower whiob 
qiosed to the force of the waves, refers solely to the 
lUity of the building. 

le first observation which must occur to any one 

|> eongidera the subject is, that we know little of the 

', amount, and modifications of the forces, on the 

r investigation of which the application of the prin- 

a which regulates the construction must be based. 

1 it is recollected, that, so far from possessing any 

"ate information regarding the momentum of the 

i, we have little more than conjecture to guide UBJ 

1 be obvious, that we are not in a situation to esti-* 

e the power or intensity of those shocks to which aea- 

i are subject; and much less can we pretend t» 

1 with the variations of these forces which shoals 

i obatructing rocks produce, or to determine the power 

la as destructive agents. No systematic or 

Idligible attempt has been made practically to mea- 

p the force of the waves, so as to furnish the engineer 

h a consta7it to guide him in his attempts to oppose 

It inroads of the ocean. The only experiments, in- 

[, on the subject, are those of Mr Thomas Stevenson,- 

er, who had long entertained the idea of re- 

ing the force of the impulse of the waves, and 

f contrived an instnuncnt for tbe -puT^^a, Vk\^ 

s applied at various parts of 'Cor CQa.a^. "^Va i 
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HiiliR \w linH detailed in the Transactions of tlie Boyal 
Mixrirty of i'ldinl)ur|;h of 2Uth January 1845. It would 
iiftiiirnlly be expected, that the force of the wayes should 
vary (Mu*ordiiig to tlie Heasou of the year and the nature 
of tlio expoHiire; and this expectation is fully justified 
by Mio indiratioiiH of the Marine Dynamometer. Thus 
it ftppoarH, that during five summer months of 1843 
and 1 HI I, the average indications registered at different 
pla(M»H near Tyree and Skerry vore, gave 611 lb. of pres- 
Hiire per H(|iiare foot of surface exposed to the waves; 
wliilr (h<* average for the winter months for the same 
pbieoM during thone two years, gave 2086 lb. per square 
foot, or upwards of thtrc times that of the summer 
nioiilliM. It also appears, that the greatest result as yet 
obtained at Skerry vore Jlock was 4335 lb. per square 
foot : wliib' thai observed on the Bell Rock was 3013 
lb., or tnir fourth part loss tluui that of Skerryvore. 
Iliil llif'so rxpcriuHMiis have not been continued long 
riinM/rli. iinr, ns ycL aj^plied to a sufficient variety of 
pbn'fM 1(» rrndrr IIumu available for the engineer. In 
llir prrsfiit stale «>r our inlorniatiou, therefore, we can- 
n(»t be said to p<»ssrss the elements of exact investiga- 
li(»n. and nnisl eonsojjueutly be guided chiefly by the 
roMulls <»r those mnnerous cases which observation col- 
b»cts. Mild which reason arranges, in the form which 
eonstitut<'s what is called profvtii^io)ial cvpcrience. This 
kind of experiiMice can only l>e aciiuired by long habit 
in cnrerully observing the appearance and effects of 
waves in dilVerent situations, and under various circum- 
stani'cs. We must attend to their magnitude and velo- 
city, their level in regard to the rocks on which they 
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break, the height of the spray caused by their eoUision 
against the shore, the masses of rock which they have 
teea able to move, and those which have successfully 
resisted their assault; as also, where such exist, the 
slopes of the shores produced by the waves, viewed in 
connection with the nature of the materials composing 
■the beach, with many other transient features which an 
experienced eye seizes and fixes in the mind as ele- 
ments of primary importance in determining the power 
of the sea to produce certain effects. Such phenomena, 
■with all their features and circumstances, we may carry 
in our recollection ; and by comparing them with what 
liaa been observed at places where we know that arti- 
ficial works have resisted the shocks of the waves, we 
may in some cases successfully arrive at a conclusion as 
to what works will, at all events, be within the bounds 
of safety. We must not, however, in any case, venture 
to 'approach very near the limit of stability, so long as 
■we continue to labour under our present disadvantages 
of defective information on some of the most important 
elements in the inquiry. If it be asked, therefore, how 
the size and form of buildings exposed to the shock of 
the waves are to be determined, the answer must be, 
that, in any given case, the problem is to be solved 
chiefly by the union of an extensive knowledge of what 
the sea has done against man, and how, and to what 
extent, man has succeeded in controlling the sea ; to- 
gether with a cautious comparison of the circumstances 
■which modify and affect any given case w\i\a\i W% ■br!^ 
\}een the object of direct experience ; tiqt 4.069. V^- ^fe*^"^ 
DoasibJe as yet (o found the art oi eftg\neetvo.?i,'\u ^"^ ' 
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tinction to that more accurate process of deduction wliii 
he calls " calculation." It is very difficult, for example, 
to conceive that the waves could displace a cjlindric 
block of granite, 25 feet in diameter and 10 feet hi{ 
which would contain about 380 tons ; and we almost 
that tbey could not do so. If, in order to test the 
neea of this expectation, we appeal to such experiencej 
we possess, and apply to the largest vertical section' 
such a solid, the greatest force yet indicated by Mr 
mas Stevenson's Marine Dynamometer, which, as alrei 
stated, JB 4335 lb.* per square foot, we shall obtain api 
sure of 48+ tons, which, being reduced by one-half^ 
the loss of force occasioned by the convexity of the 
posing cylindric surface, gives 242 tons, as the greal 
force of the waves tending to displace the cylinder, 
in the extreme case we have now supposed the solid 
bo entirely immersed in the water, and its efficient weij 
will thus be reduced by 140 tons, or the weight of an 
eqnal bulk of aea-water ; and the remaining weight of 
240 tons, by which it will resist the force of the waves, 
will be almost exactly equal to the pressure which they 
exert. This imaginary cylinder may, however, be re- 
garded as still within the limits of safety, because the 
waves could not overturn it, unless their pressure ei- 
ceeded the weight of the block in a ratio greater than 
that of its diameter to its height, which in this case a 
that of 25 to 10, or 2^ times. In order, therefore, tt 
» endanger the stability of the solid by overturning it. 

^^^ • EeBolts ea high as 6000 lb. have since been ascertain eii. 
H^ f This reduction seems to be warcaiAei'b^ 'i^e'w.'itfaiittMtt 
experimeata of Bossut. 
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Hgwich leas suitable form for a. sea-tower than a cylinderi 
^^Bi BO proportionally of all the polygonal prisms wiiiaH 
^^Bky occur between these two extremes. I remember 
P having heard it proposed, in the course of conversation, 
by a non-professional friend, tbat lightbouse-towerS' 
might be formed in such a manner, that each horizontfJ 
section should be a wedge with ita narrow end directed 
to the greatest assaulting force. This notion is in it- 
self not destitute of ingenuity ; for, if the 
stances to which it is to be adapted were constant, 
we should thereby present the form of least resistance, 
and, at the same time, the greatest depth and strength 
of the building to the line of greatest impulse. But 
the notion is wholly impracticable, because the direc- 
tion of the winds and waves ia so variable, as to render 
it almost certain that a tower so constructed would, on 
some occasion, be assaulted in the line of its thinnest 
section ; and thus, what might in one case be an advan- 
tage, would, in the event of such a change in the point: 
of attack, become a great source of weakness, as the flat 
side of the wedge would then be opposed to the force, 
thereby presenting to the direct assault of the waves the 
largest surface, with, at the same time, the most disad- 
vantageous disposition of the resisting matter. There 
seems little reason, therefore, for any doubt as to the circu- 
lar section being practically the most suitable for a tower 
exposed in every direction to the force of the waves. 

Next to this, and hardly to be separated from it, inaa* 
mnch as it involves the question regarding the form <il' 
tlietowerjfl ths/)08itionof thecentreoigrBflWi^. ^^"aiii 
JoAt/F/ew-erfaamonoIithie, itmaybeBa\fi.OBaX''v^'«^'*-^'' 
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stability, liy which I would understand ita resistance 1 
the final effort which overturns it, will greatly depen 
upon ita centre of gravity being placed as low as poed 
ble ; and the general sectional form which this notion t 
stability indicates is that of a triangle. This figure Tt 
volviiig on its vertical axis, must, of course, generate' 
cone as the solid, which has its centre of gravity mai 
advantageously placed, while its rounded contour vovi 
oppose the least resistance which is attainable in ever 
direction. Whether, therefore, we make strength i 
weight the source of stability, the conic frustum seen 
abstractly speaking, the most advantageous form foTi 
high tower. But there are various considerations whit 
concur to modify this general conclusion, and, in pra 
tice, to render the conical fonn less eligible than ini^ 
at first be imagined. Of these considerations, the ma 
prominent theoretically, although, I must confess, a 
the most influential in guiding our practice, is, that ti 
base of the cone must in many cases meet the foui 
tiou on which the tower is to stand, in such a mann< 
as to form an angular space in which the waves m 
break with violence. The second objection is more co 
siderable in practice, and is founded on the disadvs 
tageous arrangement of the materials, which would t& 
place in a conic frustum carried to the great heig 
which, in order to render them useful as sea-mark 
lighthouse-towers must generally attain. Towards its t 
the tower cannot be assaulted with so great a force a 
the base, or, rather, its top is entirely above the sho 
of heavy waves ; and, as the diameter of the conoid 
■Mlid should be proportioned to the intensity of the shi 



^Iffi^li it 
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!k it must resist, it follows that, if the base be con- 
structed as a frustum of a given cone, the top part ought 
to be formed of successive frusta of other conea, gradu- 
ally leas slanting than that of the base. But it ia ob- 
vious, that the union of frusta of diiFerent cones, inde- 
pendently of the objection which might be urged against 
the sudden change of direction at their junction, as af- 
fording the waves a point for advantageous assault, would 
form a figure of inharmonious and unpleasing contour, 
circumstances which necessarily lead to the adoption of 
a curve osculating the outline of the suecossivo frusta 
composing the tower ; and hence, we can hardly doubt, 
has really arisen, in the mind of Smeaton, the beautiful 
form which his genius invented for the lighthouse-tower 
of the Eddystone, and which subsequent engineers have 
contented themselves to copy, as the general outline 
which meets all the conditions of the problem which they 
have to solve. And here I cannot help ohaerving, as 
an interesting, and by no means unusual, psychological 
fact, that men sometimes appear to he conducted to a 
right conclusion by an erroneous train of reasoning ; 
and such, from his " Narrative," we are led to believe, 
must have been the case with Smeaton in his own con- 
ception of the form most suitable for his great work. 
In the " Narrative" (§ 81), he seems to imply, that 
the trunk of an oak was the counterpart or antitype of 
that form which his (§ 246) " feelings rather than eal- 
culatiorts," led him to prefer. Now, there is no ana- 
logy between the case of the tree and that of the light- 
house, the tree being assaulted at the top, and the light- 
house at the base; and although Smeaton ^(ie% Qii,\\». 
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course of the paragraph aTiove alluded to, to suppi 
the branches to be cut off, and water to wash round ( 
base of the oak, it is to be feared tho analogy ia l 
thereby strengthened ; aa the materials' oomipoaingt 
tree and the tower are bo different, that it is impc 
to imagine that the same opposing forces can be n 
by similar properties in both. It is obvions, indfii 
that Smeaton has unconsciously contrived to obsci 
bis own clear conceptions in his attempt to conB 
them with a fancied natural analogy between a ti 
which is shaken by the wind acting on its buahxf A 
and which resists its enemy by the strength of i 
fibroua texture and wide- spreading ligamentous i 
and a tower of masonry, whose weight and yWoftii 
alone enable it to meet the assault of the waves via 
wash round its base; and it is very singular, thj 
throughout his reasonings on this subject, be does I 
appear to have regarded those properties of the ti 
which he has most fitly characterized aa " its elad 
city," and the " coherence of its parts." One is tempt 
to conclude that Smeaton had, in the first place, w 
soned quite soundly, and arrived, by a perfectly legil 
mate process, at his true conclusion ; and that it was 
in the vain attempt to justify these conclusions to othe 
and convey to them conceptions which a large olasB ' 
minds can never receive, that he has misrepresented h 
own mode of reasoning. In the paragraph precedingthi 
which refers to the tree (§ 80), he has, in point of fag 
clearly developed the true views of the subject ; and, n 
the single exception of the allusion to the oak, he '. 
discusBed the question throughout m a. Ttta%\eT\"5 ft\.-3\» 
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a e. word, then, the sum of our knowledge appears to 
Ibe oontained in this proposition — That, as the ultimate 
itainlity of a sea-tower, viewed as a monolithic mass, 
depends, cteteris paribus, on the lownesa af its centre of 
gravity, th£ general notion of its form is that of a cone ; 
but that, as tlie forces to which its several horizontal sec- 
tions are imposed decrease towards its top in a rapid 
ratio, the solid should be generated by the revolution of 
tome carve line convex to the aMs of the tower, and gra- 
dMolly approaching to parallelism with it. And this is, 
in fact, a general description of the Eddystone Tower de- 
vised by Smeaton. 

It is deservmg of notice, as one of the many proofs 
which the records of antiquity afford of the similarity of 
the results of human thought in all ages, and of the 
truth of the Wise Man's saying, that '■ there is nothing 
new under the eun," that the ancient Egyptians appear 
to have had the same conceptions of the solid of stability 
that were present to the mind of the modern engineer of 
the Eddystone Lighthouse. In Sir J. Gardner Wilkin- 
Bon'a admirable work on the Manners and Customs of the 
Ancient Egyptians, he gives, in the first volume 
of his second series, at page 253, a woodcut shew- Fig. l. 
ingthe figure of the deity Pthah, under the sym- 
bol of stability, according to Egyptian concep- 
tions. This symbol so closely and strikingly re- 
semble the general appearance of the Eddystone, 
that I willingly give it a place in the text (Fig. 1), 
dffliuded, however, of the arms and head-dress of 
the deit^ whom it shrouds. 

In illuBtrating the application of t\iese ?,e\iW^ ii 



Fig. 1. 

1 
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tions to practice, I shall perhaps te excused for adc 
ing the most natural course of referring chiefly to 
design for the lighthouse-tower on the Skerryvore 
in forming which I was guided by numerous ciic 
stances, which modified my views, and produced the 
dividual form of tower which I have adopted. Sii 
the days of Siaeaton, when his magnificent tower 
lighted by common candles, the application of optit 
apparatus to lighthouses has greatly altered the state i 
the case ; and the improvement of the system in modern 
times has, in most instances, rendered a greater altitude 
of tower desirable, in order to extend as much as possible 
the benefit of a system capable of illuminating the risi- 
ble horizon of any tower which human art can reason- 
ably hope to construct. In the particular case of the 
Skerryvore also, the great distance of the outlying rocki 
(some of which are 3 miles right seaward of the light- 
house), concurs with the improvement of the lights, in 
making it desirable that the tower should be of consi- 
derable height, and that the light should command an 
extensive range. It was, therefore, from the first consi- 
deration of the subject, determined that the light should 
be elevated about 150 feet above high water of spring 
tides, so as to illuminate a visible horizon of not lesa 
than 18 miles of radius ; and, after much deliberation, 
and a full consideration of the infrequency of commu- 
nication with the proposed lighthouse, from the great 
difficulty of landing on the rock, and the consequent 
uncertainty of keeping up the supplies, I found that, 
the convenient accommoda-tion ot t^t Ugjitkee 
He suitable stowage of the stores, a \o\i a^aae o? liK 
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13,000 cubic feet would be required, These elements 
'being fixed, the general proportiona of the tower came 
next to be considered. 

In the Eddystone, the radius of the base, at the level 
of high water of spring tides, is somewhat less than one- 
fifth of the height of the tower above that level ; while 
in the Bell Rock, at the same level, it is little more than 
cnesevenih of the height. If, again, we suppose the 
curve of the Eddystone to be continued downwards to 
the level of low water, the radius (in bo far as we may 
judge from sketching the continuation of a curve un- 
defined by any geometrical property) would be rather 
more than one-fourth of the whole height above that 
level ; while in the Bell Rock the proportion, in re- 
ference to the same level, is a little more than one-fifth. 
Viewing the whole height of the Skcrryvore Tower above 
lagh water of spring tides as equal to 142 feet, and 
finding that, in the eases of the Eddystone and the Bell 
Rock, the radius of the horizontal section at that level is 
respectively oTie-//(A and one-aeventhoHhe whole height; 
and again, viewing the extreme height of the Skerry- 
vore Tower above low water of spring tides as equal to 
about 155 feet, and considering the proportionate radii 
of the Bell Rock and Eddystone (in so far as the latter 
is ascertainable) as respectively one-fifth and one-fourth 
of the heights of the top of the masonry above the level 
of low water, I finally decided upon giving the tower at 
the Skerryvoro such dimensions as would not be widely 
discordant with these general proportions. In this view, 
I determined th&t the radius of tlie \)a.se s\\o\i.ft. "mjV «'-- 
ceed22feet, on the level of about 4 teela\iO'se'Ca.eV\^ 

t- I 
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Ttater mark, where I expected to obtain a solid fot 
IJon — a base which bears to the whole height ol 
tower a proportion somewhat l<!88 than that of the 
Rock, which is one-JiftL It so happens, that the 
meter adopted is nearly the greatest which the 
affords ; for I found, after many careful ezamina 
the gullies and fissures which intersect it, that 
the concealed cavities ran much farther iah 
lock than I at first had imagined. The adoption 
much larger base, even bad it been otherwise adTU 
voald therefore have involved some risk of the e; 
ring of stones, of the lowest course, giving way l( 
yielding of an unsound part of the outer portii 
wck, to the pressure of the superincumbent masq 
iMight eventually hare led to the destruction o 
tower. 

The height of the pillar having been finally fi: 
A38'5 feet, and the radius of the base, at the lei 
■fcbout 4 feet above high water, at 21 feet, I next 
oeeded to consider the details of its proportions 
I the whole height of 1385 feet, 18 were to be abs 
' in a suitable capital for the pillar, consisting of a 
pet for the lantern, an abacus, a cavetto, and a bfl 
parating these from the shaft. The internal void 
termined should be 12 feet in diameter, as the siM 
suitable for the reception of the lantern and appaf 
and this, combined with the choice of about 13,0Q 

Ibic feet of void already mentioned, fixed the heig 
the solid frustum at the base of the tower at aba 
feet above the foundation. Havm^iMt^iCT &,«fi\:d» 
fie thinnest part of the waWs, \m-me6:\MA\-3 M.-B.i 
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belt-course which separates the capital from the shaft, 
ahonld not be less than 2 feet thick, aa neeessanr to 
give due solidity and strength to the walls, and prevent, 
liy the breadth of the joints, the percolation through the 
wlla of the water which might be furiously dashed 
against them in storms, I had nothing farther to do but 
to determine the nature of the line which should con 
nect the extremities of the top and bottom radii of the 
pillar. As I had already concluded that this line must, 
as in the Eddystone and Bell Rock, be a curve line, 
concave to the sea, I next proceeded to try the effects 
of variooa curves traced between these points, in giv- 
isg a convenient and advantageous disposition of the 
naterials, both for the due thickness of the walls and 
the mass of the solid frustum at the base of the tower. 
These two points, as will be better under- 
stood by means of the accompanying dia- '^"7 
gram (Fig. 2), are separated from each 
other vertically 120-25 feet, and are hori- 
zontally distant from each other 13 feet, 
vhich is the excess of the bottom radius 
over that of the top of the shaft, or the con- 
sequent amount of what may be called the 
aggre<^at£ slope of the wall. The solid ge- 
nerated by the revolution of some curve 
line about the vertical axis of the building 
thus becomes the shaft of the pillar. For this purpose 
I tried four different curves, the parabola, logarithmic, 
hyperbola, and conchoid, in all of which the level of the 
centre of gravity of the mass, which was carefully com- 
puted, varied but little from 30 feet above the base. 
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The logarithmic curve I at once rejected, from its totj 
near approach to a conic frustum, and the escesEii 
thickness of the walla which such a figure wovdd pro-' 
duce, where the hollow cylindric space for the internal a^ 
commodation commences at the level of 26 feet above the 
base. The paraholic form displeased my eye by the tso 
rapid change of its slope near the base ; and I had more- 
over some difficulty in reconciling myself to the condi- 
tion of the exterior ring of stones at the base, too mncli 
of the outer portion of each stone being left without the 
advantage of direct pressure from the superincumbenl 
mass of the wall above. The two remaining pillars, 
derived from the hyperbolic and conchoidal frusta, are 
nearly identical in form ; and of these two curves I pre- 
ferred the former, which gives the most advantageous ar- 
rangement of materials, in regard to stability, of al! the 
four forms. This quality of advantageous proportion 
exists in those four curves in the ratio of the numbers in 
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t aaperiority of the hyperbolic over any of the 
ler formB. 
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The shaft of the Skerryvore pillar, accordingly, is a 
Bolid, generated by the revolution of a rectangular hy- 
|>erbola about its assymptote as a vertical axis. Its 
«zact height is 120-25 feet, and its diameter at the base 
42 feet, and at the top 16 feet. The ordiiiates of the 
curve at every foot of the height of the column, were 
carefully determined in feet to three places of decimals ; 
And from them the working drawings for the moulds of 
the Btones were made at full size. The first 20 feet of 
lieight is a solid frustum, containing about 27,110 cubic 
feet, and weighing about 19H0 tons.* Immediately 
above this level the walls are 9'58 feet thick, whence 
they gradually decrease throughout the whole height of 
the shaft, until, at the belt, they arc reduced to 2 feet in 
thickness. Above the shaft rests a cyliudric belt 18 



*Ai Iberatc of 13-62 cubic feet of granWe Ui b. V 
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inches deep ; and this is surmounted by a cavetto 6 feet 
high, and having 3 feet of projection. The contonr of 
this cavetto is that resulting from a quadrant of an 
ellipse revolving about the centre of the tower, with a 
radius of 8 feet on the level of ita transverse axis ; wd 
the motilds for this curve were drawn at full size from 
co-ordinates calculated for the purpose. The cavetto 
supports an abacus 3 feet deep, the upper surface of 
which forms the balcony of the tower, and above it rest 
the parapet- wall and lantern. 

It may, perhaps, be not uninteresting to the reader 
to examine Plate I., which shews, on one scale, the 
elevations of the lighthouses of the Eddystone, the Ball 
Rock, and the Skerryvore, and exhibits the level of their 
foundations in relation to high water. It will also serve 
to give some idea of the proportionate masses of tk 
three buildings. The position of the centre of gravitj, 
as calculated from measurements of the solids, is also 
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Lastly, I will briefly notice the few subordinate points 
in which the design of the Skerry vore Tower may be re- 
garded as differing from those of the Eddystone and the 
Sell Rock. In glancing at the contrasted figures of the 
three buildings, it will bo at once observed that the out- 
line of the Skerryvore approaches more nearly to that 
of a conic fruatum than the other two. To the adop- 
tion of this form, various considerations induced me ; 
and these I shall very briefly detail. In the first place, 
it Beemed to me that, both in the Bell Eoek and the 
Eddyatone, the thickness of the walls had been reduced 
to the lowest limits of safety towards the top ; and expe- 
lience has shewn that heavy seas and winds acting upon 
a weighty cornice, cause a degree of tremor which I felt 
satisfied would not occur in a building with thicker walla. 
The effect of thickening the walls at the top, is, of course. 
4>asteris paribus, to diminish the projection of the base, and 
thus to produce less concavity of figure, and consequently 
a nearer approximation to the contour of a conic frustum. 
I have already stated, that this excess of the bottom 
radius over that of the top, is in the Skerryvore Tower 
13 feet, and that the height of the shaft is 120'25 feet. 
The quotient resulting from the division of the height 
by the excess of the bottom radius over that at the top 
is 9-27 ; and, if the figure had been conical, this number 
would have given a measure of the slope of the walls 
throughout. There can be little doubt that the more 
nearly we approach to the perpendicular, the more 
fully do the stones at the base receive the effect of 
the pressure of the superincumbent mass as a means 
of retaining them in their places, and the more ^t- 
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fectlj does thia preHSure act as a bond of 

the parts of the tower. Tliia consideration mateiialli 
weighed with me in making a more near approsA' 
to the conic frustum, which, next to the perpendiculn 
wall, must, other circumstances being equal, pos- 
sess the property of pressing the mass below witli i 
greater weight, and in a more advantageous manna, 
than a curved outline in which the stonos at the liaH 
are necessarily farther removed from the line of the va^ 
tical pressure of the mass at the top* This vertical pre»- 
sure operates in preventing any stone being withdraij 
from the wall in a manner which, to my mind, is mvA 
more satisfactory than the effect of an excessive refiufr 
ment in dovetailing and joggling, appliances which i 
consider as chiefly useful in the early stages of tk 
progress of a work, before the superstructure is raisei 
to such a height as to prevent heavy seas from breakinj 
right over it. 
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t]ut, in the three lighthouses of the Kddystone, the Bell 
Sock, and the Skerrjvore, this source of uuioD among 
tiie onter stones of the lower conrses must boar some 
{ToportioQ fco the numbers 753, 659, and 927, which are 
the qnotlentg of the height of the column, divided by 
tie difference of the top and bottom radii of the shaft, 
b each case respectively. This consideration secma too 
important to he entirely overlooked ; and I conceive 
thit, hy following out this view, I have been enabled to 
depart with perfect safety from the intricate and olabo- 
1 nte work reijuired for the connection of the materials 
bj means of dovetailing and joggling, which the adop- 
I; fion of a more concave outline (in which the vertical 
{wsaure could not have been so advantageously trans- 
. Bitted to the outer stones of the base), would perhaps 
I iuTe rendered advisable. In the case of the Boll Bock, 
lowever, whose construction, in regard to this property, 
i«the least advantageous of the three buildings, it must 
belome in mind that the tower is covered to the depth 
of 15 feet at spring tides, and that this principle of ver- 
tical pressure could not have been safely appealed to 
during the whole of the time which intervened between 
the commencement of the building and the attainment 
rf a height sufficient to render it available, a period 
Tkieh, in a tower having so great a part submerged. 
f*8of necessity much more prolonged than in the other 
Maes. The stones were thus exposed to the full effect 
if heavy seas, at all levels, during two entire winters, 
md could not therefore have been safely left, with- 
ont being kept together by numerous ties and dovetails- 
It also seemed important, in designing that tower, wi^^ 
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reference to the rise of tide, to give its lower piu 
ing form, aa the least likely to obstruct the free passaj 
of the waves. The outer atones of the lower < 
were also selected of imuaual length imoarda, 8 
bring them more under the influence of the vertical p 
sure of the upper wall. 

Before leaving thia aubject, I may remark, that : 
quite possible to conatruct a tower of a curved fom 
such a manner, that the pressure of the upper pat 
the pillar shall be distributed to the greatest advajit 
on every stone, by building the outer walls aa inve 
arches, so that the section of each stone shall b© tha 
a vouaaoir, with joints perpendicular to the succea 
tangents of the curve. Thia arrangement of the st 
is, in fact, practised in sea-walls of various kinds, 
has even been recommended for circular towers in an 
genious paper in the Transactions of the Royal Scot 
Society of Arts. But in many situations, and at Ska 
vore in particular, thia mode of transmitting the t 
sure, so as to throw it perpendicular to the beds of 
stones, is inadmissible, as conducing to or involvi 
greater evil. The evil has already been noticed, 
consists in the thrust of the lowest stone (which i 
course inclined to the horizon) having a tendenct 
push out the sides of the rock on which the ( 
built. Thia fear, where the towers are to be placed ^~ 
small steep rocka or pinnaclea. and more especially yrbi 
these rocka are traversed by veins nearly vertical, ia lb 
no means visionary ; and there ia good reason to appi 
Mend, that the pressure thua resulting in a. line com 
Wgrablj- inclined to the plane oS cleanage, "nii^'s.'ODa 
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^ftrds a thin portion of rock, which, under the more 
onscrvative influence of a vertical pressure, might con- 
inue to retain its connection with the rest of the rock 
nimpaired for ages. 

Another method of, in some degree, increasing the re- 
istance of a sea-tower to a horizontal thrust, if such aid 
e rec[nired, is to give the line of courses a continuous 
piral form, instead of building them in successive hori- 
jntal layers. Were there reason to fear that the entire 
islocation of the building might take place in a plane 
early horizontal, this method seems more calculated to 
mnteract the danger than the use of dowels or joggles 
Msing from the course below to the course above ; but, 
3 this is one of the accidenta least to be apprehended, 
lere does not seem any good ground for resorting to a 
Lode of structure which would lead to great intricacy 
F -workmanship, and would, in practice, be attended 
ith difficulty in obtaining a proper vertical bond or 
aion among the several stones. 

The only remaining point, in which the example fur- 
Lshed by the Eddystone and Beli Rock Lighthouses has 
jen at all materially departed from in the Skerryvore, 

(as has already been hinted at by an unavoidable an- 
eipation) the mode of uniting the different parts of the 
lasonry together. In both those towers the stones wore 
>vetailed throughout the buildings, chiefly (at least in 
le ease of the Bell Rock, where the foundation was so 
uch below the tide) with the view of preventing the sed 
om washing away the courses which mig^ht ba l^?';, &■?.- 
•eed to the ifinter atorras before the vjei^^.o^'Otv.e wi\ie^- 
actnre bad been hrought to beat upon. \\icTa- "W^* 
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upper part of tlie Bell Rock Mr Stevenson also introdno 
a kind of band joggle, wMcli consists of a flat ribbs 
of atone raised upon the upper bed of one course, andi 
ting into a corresponding groove cut in the under bed 
the course above ; and this system of tying the adjoi 
ing courses together also forms a chief feature in 1 
design for a lighthouse on the Wolf Hock," When I 
great pressure of the superstructure of such tows 
however, and the effect of the mortar, are consideri 
there seems little probability of one course being dia 
cated, in defiance of the friction resulting from 1 
weight of the column. An impulse sufficient to prodi 
such an effect would tend to overset the whole fliqi 
structure from mere deficiency in weight, and iu t 
case the joggle would have little efiect, But if jo^ 
be thought neceseary for this purpose, the ribband-fil 
certainly produces a better arrangement than that vX 
cubic joggles employed by Smcaton for connecting 
adjoining courses of his building together, as the t 
tional strength of those scattered square joggles is fl 
small compared to the effect of a shock which could bea 
posed capable of moving the whole mass of a tower- 
the lower parts of the Skerrjvore Tower, I entirely! 
pensed with dovetailing and joggles between the o 
and thus avoided much expensive dressing of materi 
The stones were retained in their places during 
early progress of the work, chiefly by common diami 
joggles, and the courses were temporarily united to e| 
other by wooden treenails, like those used in the I 



' AGOount of the Bell Roek Ligbthouse, Plnte XXI. 
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lAtone and Bell Jlock. Tbe treenails had spUt ends, with 
^mall wedges of hardwood loosely inserted, which, being 
[forced against t!ie bottom of the holes in the course 
Itelow, into which the treenails were driven, expanded 
their lower ends until they pressed against the sides of 
the holes ; while their tops were made tight by similar 
WBdges driven into them with a mallet from above. I 
.liave, however, adopted the ribband-joggle in the higher 
' part of the tower, where the walls begin to get thin, in the 
very same manner as at the Bell Rock, where it was used, 
partly, that it might counterax3t any tendency to a spread- 
ing outwards of the stones, and partly that it might 
operate as a kind of fahe joint to exclude the water 
wMch, when pressed with great Wolence against the 
j.tover, is apt to be forced through a straight or plajn 
ijoint. The stones in the higher courses throughout each 
ring are also, as in the Bell Rock, connected at the ends 
by double dovetailed joggles, which unite the two adjoin- 
ing stones ; and the walls are, besides, tied together, as 
in that structure, at various points by means of the 
floor stones, which are all connected by dovetails let into 
large circular stones forming the centres of the floors. 
I also ventured to leave out the metallic ties at the 
cornice, which consisted, at the Eddystone, of chains, 
and, at the Bell Rock, of a very strong hoop of cop- 
per. The reasons which induced me to adopt this 
ebange I need not here enlarge upon. It is sufficient 
to state, that I believe I have nearly balanced the forces 
which would have tended to throw the cornice outwards, 
had a greater disproportion existed in the weight of the 
outer and inner parts of the cavetto, and Iq 
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that the lightpoom or highest floor occurs, at Bncb_ 
level, as of itself to answer all the ends which met( 
ties could have served. 

In the erection of lighthouses on land, the chief 
which demand the attention of the engineer are 
provision of a commodious apace for the lantern, and 
the height of the tower required for a given range ; whict 
from the level of the land where light-towers are placed, 
is not generally great. The convenient arrangement 
of the lantern, and the dwelling-houses for the light- 
keepers, so as best to serve the purposes of the dne 
maintenance of the light, both in cleaning the appara- 
tus and watching the lamps, are subjects of much prat 
tical importance ; but they will be more conveoientlj 
noticed in another part of this volume, especially in con- 
nection with the views in Plates XI. and XII. of tbs 
Ardnamnrehan Lighthouse. 

There are various other lighthouses, which, in them- 
selves, are sufficiently deserving of a separate notice, 
were it not that they have more or less something 
common with those already described, which are 
questionably the most remarkable edifices of the ki 

The first design for an Iron Lighthouse is that 
Captain Brodie, R.N., for the Bell Reck, and 
next, by Mr Robert Stevenson, for the same 8ituati( 
in the year 1800,» Mr Stevenson's design consisted' 
eight cast-iron pillars arranged in the form of a p; 
and tied together by means of horizontal and diago-' 
nal braces, and also attached to a central socket, bj 

■jt Account, Plate VJI., €g9. 2, 3, 4, and 6, and pp. 497 itnd St 
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means of diagonal radiating ties. Tlie lowor portion of 
the habitable part was designed in the form of an in- 
verted cone, in order to lessen the shock of the sea from 
beneath. On this general plan Mr Stevenson, in 1821, 
erected the Carr Eock Beaeon ; and a similar construc- 
tion has been extensively used for beacons all ronnd the 
coast of Scotland. Of one of them a view is given in 
Plate XIII, Messrs Walker and Burgess have also de- 
signed and partly erected a lighthouse for the Bishop's 
Rock, in the Scilly Isles, 120 feet high, on this general 
plan ; and Mr Lewis of Philadelphia is engaged with 
the execation of a similar and equally bold design for a 
lighthouse on the Carysfort Reef, East Florida. Such 
structures for situations of great esposure, would un- 
doubtedly be less costly than those of masonry; but their 
stability confessedly depends upon their strength rather 
than their weight, and, in many situations, it might 
ultimately be resolved into the security of the fixtures 
which attaches them to the rock. There is, undoubtedly, 
reason to fear, that, in structures of great height, urged 
by the continued force of the waves and winds, a gradual 
deterioration of the fixtures may result from long-con- 
tinued tremor, or that the pillars might suddenly sus- 
tain very serious injury from the impact of heavy bodies 
thrown against them by the waves ; and while, in pro- 
portion to the difficulty of the situation, the expense of 
the stone structure would increase, so the undesirable- 
&eea of being forced to renew any structure would in- 
. crease also; and thus, while in many such places the 
iron lighthouse may be the most convenient and least 
expensive in prospect, the stone tower is the more aft.ti?j- 
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factory and more durable when completed. I she 

therefore, in general, say that nothing ehort of ahi 
necessity can justify a preference of iron over etone 
the purposes of a lighthouse exposed, like the Eddystonfc 
the Bell Rock, and the Skerryvore, to the full fury of the 
waves. This general opinion is not, of course, intended 
to reflect upon the plana either of Mr Lewis or of Messn 
Walker and Burgess, with the circumstances of wMcl 
I am quite unacquainted. The gradual change of cast- 
iron by the action of the marine acid forms another ele- 
ment in the question as to tho fitness of such structurM 
for rocks washed by the sea. 

Mr Alexander Gordon of London has fitted np sevenl 
lighthouses composed of cast-iron plates, on the plan pro- 
posed by the late Captain Sir Samuel Brown, R.N., a 
style of building in itself by no means eligible, aaJ 
which seems suitable only where stone cannot be easilj 
obtained, or conveniently applied. Such a aferucture, « 
well from the difficulty of obtaining permanent fistmei 
above alluded to, as from its offering more resistana 
to the waves than can be fully counterbalanced by tia 
inertia produced by filling the lower part of the vcAi 
with concrete, is, I conceive, but ill adapted for roch 
exposed to the direct impact of heavy waves. But I 
still more formidable objection may be found in itt 
liability to sustain serious injury from floating span, 
or rolling boulders of great dimensions ; and this 
struction, wben proposed by Sir Samuel Brown, for tht 
Skerryvore, was, after due deliberation with MessB 
William Cubitt and George Rennie, finally rejected 

le Lighthouse Board in terms of my report, 
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Mr Gordon, in a letter lately addressed to Mr Hmne, 
M.P., advocates the suitablenesa of an iron lighthouse 
for the Skerrjvore Rock, which he has never seen, and 
which he unreasonably comparee with a Eock in Simon's 
Bay, near the Cape of Good Hope, which also he has 
never visited, but on which he undertakes to build a 
lighthouse for one-tenth of the cost of that on the Sker- 
ryvore. Now although the Skerryvore Lighthouse cost 
nearly £87,000, it must be borne in mind that fully 
£23,000 of that sum was made up of items which would 
be common to any lighthouse in that position, such as 
the eatablishment at Hynish. in the island of Tyree, 
■ consisting of a harbour for the attending vessel, and the 
'houses for the lightkeepers and seamen, and a signal 
tovirer ashore. Let, therefore, this sum of common outlay 
be added to Mr Gordon's random estimate of £20,000, 
and the result is £43,000, giving an anticipated nume- 
rical saving of £44,000, or about one-half instead of 
. nme-tentha. After a residence od the Skerryvore 
Rock of five seasons, and eleven years' experience' 
of its exposure, I may be allowed to speak with some 
confidence on this subject ; and I shall therefore briefly 
enumerate a few of the leading facts which bear upon 
the fitness of an iron structure for that situation. 1. A 
temporary barrack, similar in construction to that which 
istood so long on the Bell Rock and afterwards for se- 
veral seasons at the Skerryvore itself, was carried away 
in one night. 2. Stones, some of which weighed as much 
tajwe tons, were swept by the waves over the top of the 
i>rOck ; and much floating wreck-timber has been seen to 
' pass close to it. 3. The force of the waves, as indicated 

K.1 
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by the marine dynamometer has amounted to 60M 
per square foot, or hvice that at the Bell Rock. 4. Tio 
iron beacons were successively destroyed on the Bo-PHeg ' 
Rock in Hynieh Bay, 12 miles landward of the Skeny- 
voro Rock, one of which was of the pillar form abora 
noticed, and the other was a cone of iron platee. like 
that proposed by Mr Gordon, having the lower pari of 
the void filled. Before the plate-beacon was carrifd 
away, a hole of 2 feet in diameter was broken throBgh 
one of the plates,* most probably by a heavy spar urged 
end on by the waves. Bearing, therefore, all these faett 
in mind, I have no hesitation in saying that no pecuniwj 
consideration could, in my opinion, have justified t]» 
adoption of an iron lighthouse for the Skerryvore. 
such a situation, where the establishment has been 
visited for weeks at a time and where I have mi 
been detained prisoner by the weather in the tenpora 
barrack for a fortnight, even in the month of Jin 
neither the required stability nor the extent of stowa 
for provisions and stores which are consistent with a d 
regard to the safety of human life and the certain andl 
gular exhibition of the light, could have been obtained 
an iron lighthouse. There are, however, situations whic 
although difficult of access, are yet removed from t 
most powerful action of the sea, for which the lightni 
of the walls and the rapidity of construction may pent 
this plan preferable to a building of stone. For beacc 
on rocks in such positions, I have often employed I 

* The plate broken was rather upwards of one inch tliick, 
viBB strengthened hj means of WfJAied flanges 6 inches deep. 



I-IGnTIIOUSE- TOWERS. '59 

mode of construction, filling the lower part of the in- 
closed void with concrete. 

The useful invention of Mr Mitchell of Belfast, for 
applying the principle of the acrew to the erection of 
lighthouses on soft foundations, deserves a longer no- 
tice than can be given here. It must therefore be suffi- 
cient to say, that the principal lighthouses on this plan 
(those of the MapUn, Fleetwood, and BelfaBt Lough) 
consist of piles or of hollow pillars of cast-iron, grouped 
together in the form of a truncated pyramid, and resem- 
bling, in the general arrangement of their parts, the 
Beacon shewn in Plate XIII. The lower end of each 
pillar is furnished with a flat screw or worm and a sharp 
point, which is screwed into the sand, clay, or gravel, or 
other soft subsoil. Dr Potts has also invented a method 
of driving piles by means of atmospheric pressure, which 
has been used at the South Galloper Beacon. 
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^^ON THE ILLUMINATION OF LIGHTHOUSES, AND 
^K THE SOURCES OF THE LIGHT. 

H Having thus attempted to describe the moat inte^e9^ 
iog and celebrated lighthouses, I proceed to consider 
the various methods now in use for the illumination of 
lighthouses. There can be little doubt, that down to» 
very late period, the only mode of illumination adopted 
in the lighthouses, even of the most civiHsed nations of 
Europe, was the combustion of wood or coal in cfiauj 
on the tops of high towers or hills. It now seems stranj 
when late improvements in lighthouse illumination 
considered, to hear that so lately as the year 18H 
when the Isle of May light, in the Frith of Forth, 
assumed by the Commissioners of the Northern Lij 
it was of that rude description, and had shewn 
fire for 181 years since 1635: and even in Fkigli 
the art of illumination had made so little progresj;' 
that the magnificent Tower of the Eddystone, for about 
forty years after it came from the hands of Smeaton, 
could boast of no better light than that derived from s 
few miserable tallow candles ; nay, so lately as the year 
1801, the light at Harwick, in addition to the coal-fire. 
had a flat plate o{ rough brass on the landward side. t« 
serve as a reflector ! Such methods were moat imper 
feet, not only in point of efficiency and power, but 
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SB respects the distinction of one light from another, an 
object -which, on a difficult and nigged coast, may bo 
«onsidered as of almost equal importance with the dis- 
tance at which the lights can be seen. 

Solid substances which remain so throughout their 
combustion, arc only luminous at their own surface, and 
exhibit phenomena, such as the dull red heat of iron, < 
of most kinds of pit-coal, and are therefore more suited 
for the purpose of producing heat than light. But by 
□sing substances which are formed into inflammable vaf-j 
poors, at a temperature below that which is required for 
the ignition of the substances themselves, gas is oh-; 
tained and fiame is produced. Much light ia thnS' 
evolved at a comparatively low temperature. The gaa 
necessarily rises above the combustible substance fronrf 
■which it is evolved, owing to its being disengaged at a 
temperature considerably higher than that of the but-* 
rounding air, than which it is necessarily rnrer. Of thhf 
description are the flames obtained by the burning of thrf 
various oils which are generally employed in the illumi-^ 
nation of lighthouses. In the combustion fo oil, wicka 
of some fibrous substance, such as cotton, are used, : 
which the oil ascends by capillary action, and being sup^ 
plied as required in very thin films, is easily volatilized^ 
into vapour or gas by the heat of the burning wick. The 
gas of pit-coal has been occasionally used in lighthouaeB^ 
being conveyed in tubes to the burners in the same man-^ 
ner as when employed for domestic purposes. There a 
certain advantages, more especially in dioptric lightai 
where there is only one large central flame, which would 
render the use of gas desirable. The form of the flame 
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which ia an object of considerable importance, would tl 
be rendered leas variable, and could be more eaailyit 
lated, and the inconvenience of the clockwork of tbeli 
which ia neceaaary to maintain the due economy of soli 
a flame, would be wholly avoided. But it ia obvioos, 
that gas is by no means suitable for the majority of 
lighthouses, their distant situation and generally difBcnlt 
access rendering the transport of large quantities of coil 
expensive and uncertain ; whilst in many of them there 
is no means of erecting the apparatus necessary for 
manufacturing gas. There are other consideratioM 
which must induce ua to pause before adopting gas u 
the fuel of lighthouses ; for, however much the risk of 
accident may be diminished in the present day, it still 
forms a question, which ought not to be hastily decided, 
how far we should be justified in running even the moBt 
remote riak of explosion in establishments such as light- 
houses, whose sudden failure might involve consequcncM 
of the most fatal description, and whose situation is ofteD 
such, that their re-estab!iahment must be a work of great 
time and expense. Gaa is, beaides, far from being suit- 
able in catoptric lights, to which, in many cases (eapfr 
cially when the frame is moveable, as in revolving lights), 
it could not be easily applied. The oil most generally 
employed in the lighthouses of the United Kingdom if 
the sperm oil of commerce, which is obtained from tie 
8outh Sea whale (Physeter macrocephalua). In France, 
the colza oil, which is expressed from the seed of a spe- 
cies of wild cabbage (Brassica oleracen colza), and thv 
olive oil are chiefly used ; and a species of the former hu 
Jfttely been successfully introduced into the British iii 
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houses. Of all these oils, tlie purified sperm oil lias 
hitherto teen generally considered the most advantage- 
ous for lighthouse purposes ; but the late adoption of the 
colza oil in many of the British lights, on the auggee- 
tion of Mr Joseph Hume, M.P., while chairman of a se- 
lect committee of the House of Commons on lighthouses, 
has led to an important saving, as its comhuation pro- 
duces an equal quantity of light at little more than, 
one-half of the expense for spermaceti oil. Consider- 
able experience has justified the following atatementa 
made in my Report of lOtb March 1847 : 

" 1. The colza oil possesses the advantage of remain- 
ing fluid at temperatures which thicken the spermaceti 
oil so that it requires the application of the frost lamp. 

" 2. It appears, from pi'etty careful photometrical 
measurements of various kinds, that the light derived 
from the colza oil, is, in point of intensity, a, little supe- 
rior to that derived from the spermaceti oil, being in the 
ratio of 1>056 to 1. 

" 3. The colza oil bums both in the Fresnel lamp and 
the single Argand burner with a thick wick during 
seventeen hours without requiring any coaling of the 
vrick or any adjustment of the damper ; and the flame 
seems to be more steady and freer from flickering than 
that derived from spermaceti oil. 

" 4. There soems (most probably owing to the greater 
steadiness of the flame) to be less breakage of glasa 
chimneys with the colza than with the spermaceti oil. 

" 5. The consumption of oil, in so far as that can be; 
ascertained during so short a period of trial, seems in. 
the Fresnel lamp to be 121 for colza, and 114 for sper- 
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ments. wliich require & great body of flame in order I 
produce a degree of divergence sufficient to render tli 
duration of the flasli in'revolving lights long enough I 
answer the purpose of the mariner. The same defeoti 

volume completely uuGta the combinotion of these U^ 
with the reflector for the purposes of a fixed light. 

In 1835, Mr Gurney proposed the combination of 
current of oxygen with the flame of oil, in order to o 
tain a powerful light of sufficient size to produce the ( 
vergence required for the illumination of lighthoon 
The Trinity-House of London entertained the propoa 
and mode some experiments on thia important subjec 
hut the plan was finally rejected as disadvantageous 
practice. 

Until the invention by Argand (about the year 178 
of the lamp with a double current of air, the art of il 
mination seems to have received no improvement, ( 
to have occupied very little attention from the time 
Cardan, or at all events of Dr Hook, who, about) 
year 1677, in a monograph entitled " Lampas," ml 
some observations on the constitution oi flame, so impi 
tant as to make one wonder that he should have stoff 
short of the discoveries of later inventors. Before 4 
gand'a time, every wick consisted of a solid cord, wli( 
flame was fed only by the current of air on its outsit 
and the consequence of thia arrangement is, that I 
stream of vapour or smoke, especially from the centis 
thick wicks, escapes unhumt ; because, before it reaclj 
the height at which the combustion of the central strM 
cap take place, its temperature has become too low 
it of its ignition. 
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That the form of a flame is neceasarily conoidal, and 
that its height is determined by the relation BuhsiBting 
between its diameter and the continually varying ve- 
locities of the currents of gaa and air, may be easily 
shewn ; and the combustion of each annular film of the 
stream of gas from the wick can take place only at a 
level determined by, and continually varying with, the 
ratio of the velocities of the streams of gas and air. I 
am unwilling to ofl^er this explanation in my own words, 
when those of M. Peclet, in his excellent work. Traits 
de I'Eelairage, are at hand, — " Let ua conceive," saya 
he, " a very thin film or layer of inflammable gas placed 
horizontally, and which rises into the air parallel to it- 
self, with a uniform motion. We shall suppose that it 
cannot he burnt, except at its circumference, and that 
the top and bottom of the filto are. by some means, pre- 
served from combustion (they are so preserved in ordi- 
■ B&iy flames, by the films which precede and follow 
them). If the circumference is at a high enough tem- 
perature, it will burn ; at each instant the film or layer 
of air, which has assisted the combustion and also the 
products of that combustion, being very hot, will rise 
very rapidly, and will make room for other layers or 
films of air, which will rise in their turn ; and as the 
diameter of the film of gas is continually diminishing, 
it is obvious that its combustion will offer the appear- 
ance of a series of circles continually growing smaller, 
and terminating at length in a point. K we trace in 
thought the series of circles which the combustion has 
successively developed, we shall form a cone whose 
length will depend on the ratio of the velocities of tka 
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^^bBms of g»s and of air which eecape after combn! 

^^Ufi for esarapie, the velocity of the current of air 

^^tWT great, compared to the velocity of the cylinderi 
gas, the entire combustioQ would take place, while 
film of gas passes over a very small space ; and the i 
formed hy the succession of luminous circles, would' 
sequenily W very short. If, on the contrary, there 
but a very small difference between these velocities, 
luminoQs circles would only appear at considerable 
vals from each other : for the air which had served for 
combustion, being unable to feed it longer, the Boiiia 
of the cylinder could not become luminous until the dif- 
ference of velocity had freed it from the air which haj 
served for the preceding combustion. If, then, we imi- 
gine a set of similar films succeeding each other, esilili 
of them would ^ve rise to the same series of coloani 
rings; and as there would be a film in each section fl( 
the cone in a state of combustion at the same instantnf 
time, the cone would, of course, appear luminous throng- 
out its height." — Peclet, Traiti de VEclairage, p. 51. 

The chief improvements which had been made, eoD- 
sisted in varying the level of the oil in the cistera, 
or in attempts to render that level constant, by i» 
chanical means, and in lessening the thickness of tl« 
wick, by spreading its substance into a flat form, thm 
reducing the stream of gas which escapes from tb> 
centre of a thick cylindric wick without being bnnil> 
and thereby causing a more complete combustion, vA 
producing less smoke and a whiter flame. To Argini 
belongs the great merit of having first formed the with 

^^Muto a hollow cylinder, thus supplying the flame with t^| 
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^^ts of air, one of which, aa in the case of the 
lid wick, envelopes the flame, and the other, passing 
rough the centre of the wick, is enveloped bj the 6ame 
jelf. He also added a chimney, which served to de- 
ad the flame from irregular draughts of air, and to re- 
bate the proportion between the velocities of the cur- 
mts of air and the stream of gas. This was indeed a 
ost important step in the art of illumination, and causes 
le great difFerence between the incomplete combustion, 
hich, owing chiefly, as we have seen, to a defect in the 
ipply of air, always takes place with a solid wick (from 
hich much unbumt gas escapes in the form of smoke), 
id that more perfect combustion in which passage is 
iven for a free current of air through the centre of the 
iok. The invention of Argand came nearly perfect 
'om his hands ; and but a few slight modifications of 
is original arrangement have been introduced. The 
fgand burner consists of two concentric tubes or cylin- 
BTSi'separated by a small annular apace, which is shut 
i the bottom, and communicates by a pipe with the oil 
mntain, whose level ought to be a little belotv the level 
r the upper edge of the cylinders. In this annular 
jace, partly filled with oil from the fountain, stands a 
ylindric wick of cotton, loosely wove, into which the oil 
laes freely by capillary action. The wick has its lower 
ige fixed to a metallic ferule or ring, called a wick- 
older, which (by means of a peculiar arrangement, to 
e afterwards described) gives the power of raising or 
epressing the wick to any convenient level with regard 
1 the burner. A cylinder of glass, of greater diameter 
san the burner, rests on a gallery or ring yihidli Wo.^ 
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irom tlie burner and surrounds it. This glass cjlini 
or chiinnej as it ia generally called, should stand Yd 
cally with its axis coincident with that of the burtui 
self. The effect of this arrangement is ohrious, and! 
already in part been indicated. The flame is thus 1 
ceBsarily bounded on all aides by two conical c 
surfaces, one external and concave, and the other ii 
nal and convex, both of which receive a free ourrei 
air. The flame is therefore very thin in every directii 
and, as a consequence of the mutual radiation of its i 
ferent parts on each other, it ia throughout its entire B 
face of more equal temperature than can ever be atti 
either in the thick solid wick or the narrow i 
The glass cylinder also increases the force of the t 
currents which pass outside and inside of the flame; i 
the union of so many favourable circumstances prodll 
a greater amount of pure light than has yet been 
tained by any other method. The contraction of 
glass chimney (known by the technical name of 
shoulder) at a point a little above the level of the n 
tends to direct the current of air inwards on the fl& 
thereby causing a more perfect combustion and the i 
lution of more light. 

Great as Argand'a improvement undoubtedly ^ 
the value of the lamp alone as a means for the il 
nation of lighthouses must be regarded as compi 
tively small. The primary object of a lighthouse it 
give early notice to the mariner of his approach to 
coast ; and it ia therefore necesaary that the light b 
kind that it may be seen at a great distal 

'ery one is practically acquainted with the fact t 
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19 rays proceed in all directions from a lumiEOUS body iu 
■traight lines ; and if we could obtain a ball equally lu- 
■minoua in evory part of its surface, it would give an equal 
iflifaare of light to every part of tbe inner surface of a hol- 
,Iow sphere, whose centre shall coincide with the centre 
of the hall. Again, if an opaque body were placed be- 
tween the Inminoua ball and the hollow sphere, the part 
opposite that body would be deprived of the light by the 
.interception of the rayB, and no light would emerge from 
a hole bored in that part of the surface of the hollow 
isphere. The bearing of these facta is obvious ; and no 
lOne can fail to perceive that in the case of a lighthouse 
jilluminated by a single unaasisted burner, a seaman 
, could only receive the benefit of that small portion of 
!£ghi which emerges from the lamp in a line joining his 
i.eye and the centre of the flame. The other rays would 
"be occupied partly, but in a very small proportion, iu 
making the light visible in other parts of the horizon ; 
while all the rest would be lost by escaping upwards into 
the sky, or downwards below the plane in which seamen 
can see a lighthouse. This state of matters would be little 
improved by increasing the number of burners, as the 
effective part of the light would only he augmented by 
, the addition of an equally trifling portion of light from 
each burner. The small pencils of rays thus meeting 
I at the eyo of a distant observer, would form a very mi- 
I Dute fraction of the whole quantity of light uselessly 
I escaping above and below the horizon, and also at the 
' back of each flame ; and the wasteful expenditure of 
I light would be enormous. By such a method no practi- 
cally efficient sea-light could ever have beca o'b'^M.-Q.fti.- 
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oinli iif iioeh gradnal stteapti banug [needed the 
adiifHioD of Uie ri^t mode of apphrrn^ redifction as ft . 
me&Qa of rectifjiDg the fiirectioti of the ravs emergiiig 
from a Jigithoiwc. There 15, on the contrary, ^stinet 
evidence that the imptilse pven by Argand's inrentioii, 
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|f nflecnog iBstnnneiite. 
The Bu&e of tlw inveiiUa- «f ^»nhoio.\i%l mirrorft, uuA 
B date «r i^ust first ■}iplicB.Q(ai to lighlhonsc!i. hftve not 
BBB aaaaattij ue&xuotd. The e&rlif'St nMioc whtob 
kwe ten »Ue to find, is tfau by Mr William Hut- 
, ^e ]n(>as and intelligent author of A i^tiMto 
wi "Practicval Seajnanship'\pttWishod at l.ivtr- 
ptd in 1791 , wlio notices ^at p. US) the oivctiiin tvf 
0M four !ighta at Bidstone and HoyUfcp. for the t<n- 
1 of the Mersey, in the year 170;1> *nd di'xcritMja 
paraboloida] mituHs. faeliioned of wood and tilted 
with mirror-glasa, and smaller chips of iiolinhed lin- 
,(liite, as in use in those lighthouses. Mr nutohiiiiion 
Hema to have understood the nature, properties, and 
defects, of the instruments which ho dcscribott, and haa 
Aevn a good iu^uaintaDce with many of tlio iiiudl itu^ 
pwtant circnmstancea to be attended to in the iHiimina- 
6aih of lighthouses. Many claims to invoiitiouN roft on 
taate slender grounds than might bo found in Mr Hut* 
flhinBOn'B hoot for concluding him to have first invunU'd 
Elie parabolo'idal mirror, and applied it to umo in u 
lighthouse ;* but, in the absencu of any statement as to 
the date when the mirrors wcro really udopti'd, lh» luorit 
rf the improvement uannot, in justice, bo awarded lo 

M. Teulere, a member of the Royal ('orjin of Ku- 
'gheers of Bridges and Roada in France, is. by some, 

" Mr Hntchinson seema aUo (" Prociiuul Siiumutithiii," p. 1 08) 
10 haie tried Bpeculum motal oi a material fur lit[lit)iuuHi ruUoo- 
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few ymJwiliiliil wnrnlHiv rf ph m\\ . meMSiii^ iiv fte 


■gDBrfJteJBfclirTliiMyfiMaLtiiea^ttwgrf 


B li^E&oaR Bond^ ^d» te sppHR ii«D iiM^ SM^ 


|^bctor,iiiAe Siq^lcMeKintiie AM<siiitHm«f Ae 


■BVckipRdai Hi'iimiiicfc' ivae not vno^ of 'wtei awS 


■A done in Fismae, jBid iiad linBsetf nnienmL tfa^ 


' tfak eamfainstioxi. The SBse ^vsam wssb ^J» aJkiilML 


1 behmd ; md in tnie. TsnouiT modifiML it )iMiGiiie 



To ^naUe ns tb etxter <m tiie ioifajeci nf ^Am^ |fM|»ir 
of TeADctois, we smst ^b&oe ^nr bntdr iiit di^ 
of r^ectMML. l%09e laws ja«twi> in niiai[b«r. 1«|L 
he TtLj whicb &]k on m TeAocdBg slII&oe^ isiJMi ^ 
wUaU ray, uid die ny wiiicii lMti>^e& liie T> c <e( 1> wr. 
iDed tke re^hdsd ny, are ahrays in «iie pfaw^ wkkii 
lane is perpendiciilar to die i tjktlmg smftt^^ iUL 
lie angle whick die r^ieticd ray ttafcos widi t^ i^ 
Mtor IB always ofoal to &e an^ wki^ die mdSmt 
%j makes widi it, or, in odier woi^ die angle tf md^ 
knee is equal to die aa^ of re/kfCtkmJ^ 

* This win be more readilj imdefstood bj n^rrmg to tbe *<"- 

Pig.*. 

B 




unpanying figure (Fig. 3), in which CDBP is the reflecting »••»' 
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It would lead to prolixity, altogether BujMjrfli 
this place, to explain, in a rigorous manner, the 
produced by various reflecting surfaces 
of the rays incident on them ; as any one who 
hends the laws of reflection just enumerated. 1118JI 
satisfy himself of the following truths : let, T^jj 
mirror makes no change on the divergent 
but merely causes them to emerge from 
the same direction as if they had eome fi 
much behind the mirror as the luminous bodj 
front of it. 2d, A convex reflecting surface iw 
divergence, and disperses the rays in the same 1 
as if they had come directly from a point 
whose distance from the mirror increades with thfr 
lance of the luminous body from its surface, tiai 
wishes with the degree of convexity of the mirroc, 

leave surface diminishes the divergence of the 

' incident upon it from a point between the 

its centre of curvature ; the distance of the po 

which the reflected rays converge diminishing 1 

distance of the radiant point, or the concavity 

IF is increased. It is obvioas, therefore, thi 
cave mirrors are those which are required to pro 

face ; GHOKJ the pkne of reflectiou peTpeuilicular to tl 
fuuQ ; BO It line perpendicular or nurtnal to the aurfaee 
uid AO tbe incident ray. Thea if in the plune GHO 
angle BOX be mode equal to AOB, OE istlie reflected 1 
n the angle uf incidence ; ajid BOl the angle of 
QOH and lOK, which are the complements of those oi 
indeed, more strictly spealiing, the angles of incideuce i 
tion ; but in cases where the reflecting surfuce is curved. 
cuDvettient to refer the angles to the normal BO. 






IRotion 



TATOPTRIC SYSTEM OF LIGHTS. 



stion of the path of the rays, bo as to apply them 
cnost advantage in a lighthouse, tlie object to be at- 
aed being that of throwing the greatest amount of 
b&t towards given points in the horizon, and collecting 
' divergent rays, which, as we have already seen, are 
.ttered above and below it. 

To simplify our view of this matter, I shall, in the 
tt place, suppose that the object to be attained is, to 
'ow the whole rays of a single lamp, with an infinitely 
all flame, to a given mathematical point at a mode- 
■e distance ; and, as this is a case which cannot 
tiir in the practice of lighthouao illumination, I con- 
Lt myself with observing, that this object may he at- 
ned approwintately by placing the lamp in front of » 
lerical mirror at any distance greater than half the 
iius of the curve surface, or accurately by placing it 
One focus of an elliptical mirror ; in all those cases, 
9 rays would meet in the opposite, or, as they are 
Ined, conjugate foci. Let us next suppose that our 
ject is to illuminate, by means of a matheiaatioal 
itit of light, a small circular space on the horizon 
.Tial in diameter to the mirror employed ; this object 
ill he rigorously attained only by placing the light in 
ie focus of a paraboloidal reflector. The same object 
lHy be approximately attained by placing the light in 
; Bpherical mirror, at a point half-tcai/ between the 
iatre of curvature and the surface of the mirror, pro- 
ided the surface of the mirror shall subtend only a 
mall angle at the centre of curvature. The parabo- 
i mirror, on the contrary, has the property of eon- 
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jfbcns, ftnd falling apon any point of its surface, how- 
WFer distant the point of reflection from that focus, or 
powever far in front of it. 2d, Because it therefore 

Pibraces in ita action the greatest number of the whole 
ys coming from the focus, and, cteteris paribus, will 
jproducc the strongest light. 3(/, Because the tfteoreti- 
tai object to be attained is to make those flashes equally 
powerful at any distance, an effect which would be rigor- 
Otniy fulfilled by placing an iufiuit«]y small flame in 
ft perfect paraboloidal mirror. And, 4th, Because al- 
,tiiougb absolute equality of luminousness at any dis- 
tance is not attainable, and, in practice, is inconsistent 
with other conditions required in a useful light, we still, 
lij using the parabolic mirror, make the nearest ap- 
^ poach to parallelism of the reflected rays, and conse- 
* ^oently obtain the strongest light which is consistent 
with a due regard to a certain duration of the flash on 
' tlie «ye of a distant observer, which is measured by the 
angle of the luminous cone projected to the horizon. 

Having thus so far anticipated what some might think 
would more naturally have occurred in a subsequent 
I ptrt of these observations, I return to a more detailed 
Eoasideratiou of the parabola itself, and its product, the 
puaboloidal mirror. I content myself, however, with 
I deseriblng the parabola, by that property which pecu- 
lltrly adapts it to the purposes of a lighthouse. The 
I parabola, then, is a curve of the second order, obtained 
bf cutting a cone in a plane parallel to one side, and 
posaessing this remarkable property, that a line drawn 
<i the focm to any point in the curve, ?itakee, wiih a 



hvm Ihe/ocua 



mt Ami palmt, ^ attgU «qual to that wUeh a 
*• At «fw tff Ote curve make» with fAdt 



■ m. of Wallace's Conw 
■, «UA Atwi ttat • ^mfmt to the parabola makes eqtd 
• ikmDgh the point of 
bt point to the fociu. Th 
it wan. both dependent c 
Mtfmty pfiittiii lite parabola from At 
J»m^ m «fa«f U ib H^attmfnm At dirrctrix. 

Tm *tm A* tmwm meArnkmHj i&g. t\, let P be the facn, 
Wt tba IbMl UttfaM IchsMB at jieasnie aecordiag to mlet 
«Ueh I A^ wt^wvi* Mitm^ K31X U tbe uis, and AB (ba 
dirKtru <tb8 Aotted Um/P*. boowled by tbe curve at eittw 
•mX, wuaU tkM b» th» pitnMm^4i*r or lolM nctum). Plnw ibt 
■dig* of ih« itnigbt rakr AKHB aloag the diiectriz ; and lsl: 




I.HB be a square ruler which msj slide along the fixed mler 
AKHB, BO that the edge HL maj be constantly perpendicular to 
AB, or parallel to MX, the axis ; let LDP be a string equal in 
length to HL, and having one end fixed in P, and the other at 
L, a point in the sliding square. Then if the string lie stretched 
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L It IB easy to see, that if this curve revolve about ita 
■ His, it will generate a parabolic conoid, which we may 

>' hj B pencil D, so as to heep the part DL cloie to tlie edge of the 
•quare, and if at the same time the eqnare he gently pushed 
along the line AB, the point D will be forced to move along the 
edge LH of the square, and will trace out a cnrre which will be 
tie required parabola. This ia obi-ioua from tho consideration, 
that the string LDF being equal in iength to LU, and LD being 
mnunon to both, the ramaiDder DF must be equal to the remain- 
der DH, so that the point which traces the curve being equidis- 
tant from the directrix and the focus must, in terma of the above 
definition, deecribe a parabola. 

In the second place, the some property, as already stated, fur- 
siahea U3 with the means of tracingthe ourve by finding 
Fig. 6. 




poinla therein (fig. r>). Draw a line ah jterpendicularfo the aii» 
OX, and tbe position in this line, of a point ji through which the 
imrvB passes, is easily found, thua ; Dpaeribe IVom F the focus aa 
Itmntre with a radius equal to the perpendicular distance d of 
'he line a b from the directrix AB, a circle cutting the line 
in two points p and p' ; then both these points are in the cu: 
By repeating tbe same process, any number of points in the cu 
may be obtained. 

d2 
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conceive to be concave or convex, as we please. If 
surface be concave, we obtain the mirror of wkich 
we in search ; for every principal aection, or that 
ing through the axis of such a mirror, will necesa 
posseas the same properties as that of the plane ci 
and will each have a focus meeting in one and the 
point ; the union of all these sections will therefore fc 
a mirror capable of reflecting, in a direction parallel t* 
the axis and to each other, all the rays of light Vfbnk 
fall on its surface. 

We have already seen that a perfect paraboloicbl 
mirror, with a point of light infinitely email placed in 
the focus, would project a beam equally inteose atanj 
distance, every transverse section of which would be d 
the same aupei-ficial extent. In practice, these condi- 
tions can never be rigorously fulfilled. No perfect in- 
strument can come from the hands of man ; and everj 
mirror must of necessity posseas many defects. To ob- 
tain a true mathematical point of light is also impos- 
sible ; and for the purposes of a lighthouse, it would Iw 
completely useless, as will appear from the following 
aimple considerations. Let us suppose that a true p»- 
raboloidal mirror, having a double ordinate or apace of 
2 feet, and illuminated by a point of light, projects i 
truly cylindric beam of light to the horizon, and that it 
revolves horizontally round a vertical axis, with such ■ 

Laatlf, from the equation to tbe curve, tlie length y of aaj (t 
^uate may be cocipated, in terms of'm its principal ; 
tnnce, and x its abBuiaaa, by the simple eipresBioii, — 
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)city as to cause the beam to paas over the eye of aa 

KTver stationed at the distance of 100 feet in one 

md of time, and we shall find that another observer, 

1 distance of 15 milGs from the mirror, would not see 

I light at all, although of equal size, because its ve- 

f at that distance would be bo great as only to be 

lent to his eye for TJijd part of a second, a apace of- 

ft far too short to make a perceptible impression on 

t'Sye of a distant observer. This is no mere hypo- 

B unsupported by facts; for I shall have occasion, 

pother place, to notice certain experiments, by which 

a ascertained that a beam of light emerging from 

ma, and passing over the eye of an observer at 14 

i' distance, in a space of time equal to rsfth of a 

tad, became altogether invisible at that distance. 

Wot this evil, happily a very simple and efficient re-. 

f may be found in what may be said to constitute 

loretical defect in the combination of the Argand 

ler with the reflector. The burner, instead of being- 

iathematieal point, has generally a diameter of about 

linch, and a ray proceeding from the edge of the 

ly point on the surface of the mirror, makes, 

I the line joining that point and the principal focus, 

nngle which, being repeated by reflection, gives the 

Btave divergence of each side of the mirror at that 

bt.* 

I This is easily understood by reference to the accompanying 
n (ig. 6), in wiiicli AOB is a central section of a parabo- 

= distance from the focus ^ to a point in tlie curve F, and 
|k tangent drawn from P to tbe surface of the Hume qA.Q,-, 
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It IB still more obnong, th&t & perfect para1>ol 
figure, and a Inminom point mathematically tme, i 
render the illamination of the whole homon, by b 

FQ = nditu of the wiok or flame ; 
■ad GPF = GTF" = diTergenoe of one side of minor, and 
Hg.6. 
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pfixed light, impossible; and it la only from the di- 
B caused by the size of the flame, which is sub- 
ted for the point, that we are enabled to render even 
Hying lights practically useful. But for thia aber- 
1, the slowest revolution in a revolving light would 
aiconsiatent with a continued observable series, such 
ike practical eeamen could follow, and would, as we 
I seen, render the flashes of a revolving light too 
sient for any useful purpose; whilst fixed lights, 
bag visible in the azimuths only in which the mirrora 
t placed, would, over the greater part of the distant 
:her invisible. The size of the flame. 



strongest part of the flash in & revolving light, is that 

ia derived from the cone of rap which is bounded by the 

a of thia minimum divei^nce ; for tha faint light which first 

m ths eye of a distant observer, is the revolution of a re- 

I that which is reflected bj the sides or edges, a* 

t at firet be supposed, but proceeds from the centre. The 

n fact, gradual]; increases in power in proportion as addi- 

il rajs of reflected light are bronght to bear on the obaerver's 

L until, last of all, the extreme edge of the mirror adds ita 

The light continues in its best state until the opposite 

f minimum divergence has been reached, when it begin* 

allj to decline, receding from the marji^n of the mirror 

Is the centre ; and, having at length reached the limit ot 

n divergence, it finally disappears at the centre. The 

o and decline of the power of a mirror in the course of it* 

But round the circle of the lantern, as seen by a distant 

r, will, therefore, in all its different states, be measured 

of a series of circles described from its focus, witli 

K equal to the distance of the focus from the point of the n"' 

which reflects to the observer's eye the estremQ tk^ ^ 

Ejwcli bim ia any given position ot tlie tottot. T\i\a> 

f easily understood by referring to ttio accom^'o.'jVQft^'" 
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of light, which have rendered the catoptric aystemrf 
lights lo great a benefit to the benighted seamen. 

In order to obtain a mirror capable of prodncisg a 
f^ivpn divergence of the reflected beam, therefore, wb 
must proportion its focal distance to the diameter of ^ 
flame in auch a manner, that the sine of oiie-half ot (ht 
whole effective divergence of the mirror, may be equl 
to the 'jtwtient of the radius of thii fiame, dhAded hj 
th^ i}Utance of a given point on ike surface of the mir- 
ror from the focus. The best proportions for pafabo- 
loldal mirrors depend on the objects which they are 
meant to attain. Those which are intended to giye 
great divergence to the resultant beams, as in &}fed | 
lights, capable of illuminating the whole horizon at on« | 
time, should have a short focal distance ; while thosS' | 
mirrors which arp designed to produce a nearer approach 
to parallelism (as in the case of revolving lights, which 
illuminate but a few degrees of the horizon at any one 
instant of time), will have the opposite form. Those 
two objects may, no doubt, be attained with the same 
mirror, by increasing or diminishing the size of the 
burner ; but that is by no means desirable, as any 
change on the size of a burner, which is found to be 
the best in other respects, must be considered as to 
some extent disadvantageous. 

What I have stated above as to the use of mirrors 

their relationa to each other on either side of tlie mirror. The 
BTM of greatest and least divergence ate marked in the diagram. 
This subject will be found treated less directly, but, certainly, 
more concisely and neatly, by Mr W, H. Barlow, in a paper on 
the Illumination of Lighthouses, in the Lo^^a Transactions for 
1837, p. 218. 
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^» short focal distance for lights of great diver- 
:e, proceeds on the aesumption, that the penumbral 
ton of the light on each side of the strongest beam 
ch is confined within the limits of the least diter- 
le, due to that portion of the mirror where the focal 
luce is the greatest) ia to he pressed into service in 
illumination of the horizon ; and it is the chief in- 
'enience which atteDds the application of parabo- 
al mirrors to fixed lights, that because it is imprac- 
ble to apply a number of mirrors sufficient to light 
whole horizon with an equally strong light, spaces 
a.T on either side of each reflector in which the ma- 
T has a light sensibly inferior to that which illumi- 
SB the sector near the axis of each mirror. This will 
best explained by stating the numerical results of 
computations of the divergence of the mirrors used 
he Northern Lighthouses for this purpose, both at 
vertex and the sides. In a mirror whose focal dis- 
le is 4 inches, and its greatest double ordinate 21 
les, illuminated hy a flame 1 inch in diameter, wb 
by computation, that the greatest divergence is 14° 
and that the strongest arc of light ia only 5° 16*: 
fference so great, that while the one may admit of 
horizon being imperfectly illuminated by means of 
eflectors, the superior light which would result frdm 
ining the duty of each instrument within the range 
ia best effect, could only be obtained by the use of 
eflectors, and the expenditure of a proportionately 
t quantity of oil, not to speak of the great practical 
m\ty which would attend the arvaTi^iaffiftiA qS. w* 
ir lamps ill a Jantern of moderate a\7.^. Xtv^^"^*^- 
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ing lighu, the mirrors are not, aa in fixed ligUte, iica 
Teuiently taxed for horuontal iiivergeoc« ; becaaee et 
portion of the divergent beam visits successively a 
point of the horizon. In this view of the merits of ^ 
and revolving lights, I should be disposed to reeomniBi 
in any new organisation of lights with parabolic reSi 
tors, the adoption, iu fixed lights, of refiectora vi^ 
short focal distance and small span, so as to admit 
many being ranged around the frame ; while in reTol 
ing lights, it would be mj aim to approach the lar 
size of reSector that could be made, so as, if possiUtr 
illuminate each face of the reyolving frame by t 
a large lamp iu a single mirror, with a great focal i 
tance, thereby diminishing the difference between | 
divergence of the powerful cone of rays reflected ft 
the more distant parts of the mirror, and that of i 
feebler and more diffuse light from its apex. The i 
plication of reflectors of very short focal distance, to I 
flames of the ordinary Argand lamp, must be a 
as an undue aberration of the resultant cone of lighi 
thereby produced. The difficulty of making the r 
tors, also, increases rapidly with their depth. 

The maximum luminous effect of the reflectors Q 
narily employed in fixed lights, as determined by o\» 
vation, is generally equal to about 350 times the e 
of the unassisted flame which is placed in the fiM 
while for those employed in revolving lights, whielii 
of larger size, it is valued at 450, This estimate, h 
ever, is strictly applicable only at the distances at wl 
the observations have been made, as the proporti^ 
value of the reflected beam muat^'iieia&wciVs t'wrs 
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of the observer, agreeably to some law de- 
lOD tfae aaequ&l distribution of the light in the 
cone which proceeds from it. The oifect aIho 
Tery much in particular instrumenta. The ordi- 
aarjr burners ased in HghthouBes are one inch in diame- 
ter, uh! the focal distance generally adopted is 4 inches ; 
10 that tb« extreme divergence of the uiirror in the hori- 
mtat plane may be estimated at about 14° 22'; while 
tfa( diTOTgence of the most luminous cone ia fl" 16' for 
tke small reflectors, and 4° 25' for the larger size. In 
uniting reflectors on the frame of a fixed light, bow- 
erer, it is advisable to calculate upon a less amount of 
•ffecliYe divergence, for beyond 11° the light is very 
fttble; but the difficulty of placing many mirrors on 
%e &ame, and the great expense of oil required for so 
lOUiy lamps, have generally led to the adoption of the 
frst valuation of the effective divergence, 

The measure of the illuminating power of a parabo- 
loldal mirror may be estimated as the quotient of the 
WRPACE of the cii-cle which cuts it in the plane of its 
Srtatest double ordinate, divided by l/se aur/ace of the 
iopgest vertical eeetion of the flame, and dirmnis/ied by 
(ie losg of light in the process of reflection. This esti- 
DUte will be found near enough for all practical pur- 
poses; but it is obviously inaccurate, inasmuch as it 
overlooks the circumstance of the focal distance of each 
portion of the mirror being different, and the eonse- 
qnent increase in the length of the various trajectories 
at each point of the surface aa you recede from the axis ! 
and the only correct rule, therefore, is, to find an ima-, 
ginary focal distance which must be the radius of a 
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spherical segment, which shall answer the doable o 
dition of having its surface equal to that of the g 
cross section of the rairror, and of including, at the Si 
time, a number of degrees equal to those which 
brought under the influence of the reflecting action 
the paraboloid. This subject, however, as I havrJ 
ready hinted, is not of great practical importance; 
I shall not therefore dilate on it farther, but coni 
myself with saying, that such a line will be found tO 
a mean proportional between the gre-atest and U 
focal distances of the mirror. The large mirrora n 
in the Northern Lighthouses have about ^fths of. 
whole light of the lamp incident on their surface ; 
rest escapes in the comparatively useless state of m 
rally radiating light. Several arrangements have t 
proposed for economising this light, which will be af 
wards noticed. 

The reflectors used in the best lighthouses are m 
of sheet-copper, plated in the proportion of six ouncei 
silver to sixteen ounces of copper. They are mouli 
to the paraboloidal form, by a delicate and labori 
process of beating with mallets and hammers of vari 
forma and materials, and are frequently tested du( 
the operation by the application of a mould careft 
formed. After being brought to the curve, they ■ 
stiffened round the edge by means of a strong bia 
and a strap of brass which is attached to it for the p 
pose of preventing any accidental alteration of the fig 
of the reflector. Polishing powders are then ap]^ 
and the instrument receives its last finish. 
■ Two gauges of brass arc em^\o^e<V te Xfta'^ fcci ^<ot 
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B-tlie reflector. One is for the back, and is used by the 
■ workmen during the process of hammering, and the 
I other is applied to the concave face as a test, while the 
mirror ia receiving its final polish. It is then tested, 
by trying a burner in the foous, and measuring the in- 
tensity of the light at various points of the reflected 
conical beam. Another te^t may also be applied suc- 
j oesaively to various points in the surface, by masking 
f the rest of the mirror ; but as it proceeds upon the aa- 
Bumption that the surface of the reflector is perfect, and 
. that we can measure accurately the distance from a 

I radiant coincident with the focus to the point of the 
mirror to be tried, it is in practice almost useless. For 
Buch a trial we must place a screen in the line of the 
axis of the mirror at some given distance from it, aad 
I ascertain whether the image of a very small object 

I placed in the conjugate focus, which is due to the dis- 
tance of the screen in front of the focus, be reflected to 
any point considerably distant from the centre of the 
screen through which the prolongation of the axis of the 
mirror should pass. We thus obtain a measure of the 
error of the instrument. For this purpose, we must find 
the position of the conjugate focus, which correspondft 
to the distance of the screen. If b be the distance to 
which the object should be removed outwards from the 
principal focus of the mirror, d the distance from the 
focus to the screen, and r the distance from the focus to 
that point of the mirror which is to be tested, wo shall 

distance to which the object mustb«' 
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removed outwards from the true focus on ttie line of the 
axis.* 

The flame generally used in reflectors is from an At- 
gand fountain-lamp, \tho3e wick is an inch in diamet«r. 
Much care is bestowed upon the manufacture of the 
lamps for the Northern Lighthouses, which sometintM 
have their burners tipped with Bilrer to prevent wasliiig 
bj the great heat which is cTolyed. The burners an 

* The truth of this equation rany he saaily ascertained at fol- 
lows (See fg. f 
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alao fitted with a aliding apparatus, accurately formed. 
by which they may be removed from the interior of the 
' mirror at the time of cleaning them, and returned ex- 
actly to the same place, and locked by means of a key ; 
it is reiQarkable that this arrangement should not have 
been adopted elsewhere, except, indeed, in Ireland, where 
eight of the lighthouses were many years since fitted up 
with apparatus made at Edinburgh, under the directions 
of Mr Robert Stevenaon. This arrangement, which 



Fig. 9. 



ia shewn in figs. 9, 10, and 11, is 
very important, as it insures the 
burner always being in the focus, 
and does not require that the re- 
flector be lifted out of its place 
, every time it is cleaned ; so that, 
when once carefully set and 
screwed down to the frame, it is 
never altered. In theae figs, a a a 
represents one of the reflectors, 
6 is the burner, and c a cylin- 
dric fountain, which contains 24 
ounces of oil. The oil-pipe, the fountain c for supplying 
oil, and the burner b. are connected with the rectangular 
frame d, which is moveable in a vertical direction upon 
the guide-rods e and /, by which it can be let down, so 
that the burner may be lowered out of the reflector, by 
simply turning the handle g (as will be more fully un- 
derstood by examining figs. 9 and lOj, vfhich has the effect 
of forcing a thread (like that of a screw) on the outside 
of the guide into a groove in the frame, or withdrawing 
it, and thus allows it to slide down or locks It at i^lQ,ac 
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Mure. An aperture of an elliptical form, meaBunng ill 
vo inches bj three, ia cut in the upper and lower pi 
M>f the reflector, the lower serving for the free egress H 



Fig. 10. 



Fig. U. 




ItngresB of the burner, and the upper, to which the «( 
per-tube A is attached, serying for ventilatio 
a cross section and a back view of the main bar tt 
chandelier or frame on which the reflectors are H 
each being made to rest on knobs of brass, one of ifliS 
&s aeen at k k, is soldered to the brass band I, that e1l| 
the esltrior of the reflector. Fig. 9. is a section ol 
reflector a a, shewing the position of the burner h, 
the glass chimney fe', and the oil-cup /, which i 
any oil that may drop from the lamp. Fig. 11 sh 
apparatus for moving the lamp np and down, : 
remove it from the teflcctoT at tlie tme of cleaninj 
^MJo the diagram (fig. ll) *Aie ioontaK-a. c 
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; d d shews the rectangular frame on which the 
imer is mounted, e e tho elongated socket-guides 
rough which the guide-rods slide, and / the guide- 
fi, connected with the perforated sockets on which the 
■ceidng-handle </ elides. The oil-cup ( (covered with 
lid and wick-holder, as shewn in fig. 12) 

. Fig- 12. 

BO serves as a frost-lamp during the long ^ 

ghts of winter, when the oil is apt to turn 
ick. It is attached to the lower part of the 
l-tube by the arm h ; and is lighted about 
L hour before sunset, so as to prepare the 
flector lamp for lighting at the proper time. The 
■mmunication between the burner and the fountain is 
i-sily opened or shut in the burners used in the Scotch 
Slthouses, by simply giving the fountain a turn of one 
i-adrant of the horizon round its own vertical axis by 
oans of the round knob at its top, and thereby moving 
aimpie slide-valve, which shuts off the communication 
stween the fountain-tube and the lamp-tube. By this 
<3de, the oil is cut off about fifteen minutes before ex- 
Iguishing the lights, so that when that is done, the 
a^ner is quite free of oil. 

It would needlessly occupy much time and space to 
Ascribe the various means (many of them sufficiently 
■ttmsy) which have been employed, and in many places 
^e etill in use, for raising and depressing the wick ; it 
4ll be enough to say, that they all involve some appli- 
ition of the rack and pinion. I shall, therefore, only 
&8cribe the method (invented, it is believed, by M. 
erzy) which is adopted throughout i\ie 6H.ft'i,t\<A ol 'Cwi 
ommiselouers of Northern Lighttousea. "YVe iktr^^?^ 
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itwtit u Be follows (see figs. 13, 14, 15. 16, 17) : 
iimar tuba I of tbe botner is enclosed by a strong 




1. *i»-^sii 9^x »s'' \l l^Allv. !^' •»-« not to be easily n 
Vft.i.-i ^^lis-j^ («V k»* » spiral grwTe cut on its ou 
.^\j\v.\ siwJiVs'' Tho WK-k -holder has two small 
As^'Vv^Vv^ t\\w» U, (ho o)u> ou tlu' itisido (not seen 
."i,^ vMi;i,'j| vs^v (W v*Hlsulo .11 -I ^tSj;, U"". That on t 
,v,^v ^v-jii.* (w ik.* sjMPal finwivo of the tube S (fi, 
w,^ M": *\\\*\\t dtwriKxl as otubraeiug the inne 
. . ,^Vl^^ *U ihxl w n\\uiroil for raising the wick 
UA,sW »V *i''''^''*>»t'i<'' t""i round on its vertical 
Wi,*. u *JS^'(wl hy means of the smal^xtemal pe 
fj»(> rth^tS-Jni^aw (fig. 14), which m^ffv^yertic 
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13 and 15), cut in a tnbe standing in the burner, || 
icentric with it, and which also moves freely 




19 axis. 8niall knobs n n (figs. 13, 15, and 17), 
op of this tube, fit into a notch in the upper 

the gallorj, which supports the glass chimney, 
ing this gallery g (see figa. 13 and 17), tbere- 
ition is given to the tube, with its knobs n n, 
ertical slit a (while it holds the external peg of 
:-holder, and also turns it round along with it) 

that peg a to slide upwards or downwards, and 
1 wick-hoider rises or falls, according as its own 

peg moves up or down the spiral groove in the 
In fig. 13, C shews the glass chimney resting 
gallery gg. The wick is shewn in fig. 16, at- 
o the wick-holder, 
nportant point in the economy of the Argand 

the level at which the outlet toT We o'i, Va. '■^•* 
'rom the fountain to the bumet, a^vo^V^"^^ '^'^'^■ 
'itiag of this hole (generauUy caUei ''^^ ^'^' 




CATOPTRIC SYSTEM OF LIGHTS. 101 



hatched surface represents a metaliic ruler, with 
ft Bpirit-Ievel at L ; C ia the cup in which the bottom of 
the fountain / (shewn in dotted lines) rests. When the 
fotmtoin is removed, and the ruler rests on the edge of 
the cup C, the screw at A is used to adjust the level at 
\i\ and a gauge O G is allowed to fall until a notch in 
' it at jf rests on the outer fuhe of the burner F ; the 
I pnching- screw B retains this ruler in its place, and the 
point 3! indicates the level at which the oil should stand 
in the burner. The level line a! .r indicates the level on 
which the top of the flow-hole H should be cut in the 
toimtain-tube, which is shewn in dotted lines within the 
outer tube or hody of the lamp. In other words, 1/ jc' 
measures tlic level at which the oil should stand in the 
hunier ielow the lower edge of the metallic ruler, while 
fte corresponding line ii.r. at the opposite end, shews 
fte level of the top of the flow-hole H, below the edge 
I'f the cup C. The gauge GG applied to that point of 
the fountain which coincides with the edge of the cup (so 
Inaty" coincides with y) measures the Iengthy.T=j/'.i^ ; 
wid a get-aquare applied at ,1; gives the position of H on 
the fountain-tube. The round dot at a shews the posi- 
tion of the air-hole in the body of the lamp, which eata- 
hlisbea a connection between the external air and the 
»iirface of the oil. The rods SS' shew the sliding gear 
(deBcribed as d and/, pages 95 and 9(5), and are only 
introduced to identify this diagram with those of the 
fonntain and burner which have preceded it. 

The moat advantageous level of the flow-hole depends 
on many circumstances too obscure and complicated to 
admit of an; systematic elucidation ; and \t Va euQM^^' 
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all practical purposes, to know that the capillary 
of the wick, and the greater or less viscidity of- 
are the chief circumstances which dotermine tha 
Actual experience is the only sure guide to ti 
practice in this respect ; and I therefore content 
with stating, that it is generally found tha.t tha 
oil should stand in the empty burner at about 
below its top. For colza oil f inch is sufficiel 
summer, owing to the oil being more fluid, there ii 
times a tendency to overflow the burner ; but any 
venience arising from it is avoided by the pis 
in the Northern Lights, of shutting off the oil (by 
of the apparatus already alluded to on p. 97) abouft 
minutes before extinguishing the lights in the m 
The arrangement for cutting off the oil is very 
as will bo seen from the annexed diagram (fig. 
which F is the fountain, T the oil-tube yjg, 
leading to the burner, and V the fiow- ,^^ 
ImU, with its sliding valve. By turning ^ 

the handle H one quadrant of the circle, /^ 
the whole fountain F and tube T turn 
round their vertical axis, while the valve 
V, which rests in a notch in the cnp of 
the lamp, remains still, and sliding over 
T, opens the fiow-hole. S is the screw- 
plug which retains the oil in the foun- 
tain, and which is unscrewed and re- 
moved when the fountain is to be filled. 
In the reflecting apparatus of the 
Northern Xighthouses, the SocaV '^\,V\<itt 
■of the lamp is not, as v*e Wve a\r«aA.^ 
liable to derangement, lay t"^o ■^^- 
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' the burner for the purpose of cleaning, as 
e sliding-gear described at p. 95 insures the re- 
m of the lamp to its true place. The burner is ori- 
nally set by means of a gauge, which touches fonr 
lints of the mirror's surface (one of them being its 
irtex, and the other three in the vertical plane of its 
■eatest double ordinate). This gauge being provided 
itb a short tube or collar properly placed for the par- 
«e of receiving the burner, at once verifies its true 
)Bition, both vertical and horizontal. The diagrams 
) and 21 shew the nature of the apparatus for adjust- 
g the burners, the one being a plan and the other a 
ction. The four points which touch the curve are one 
>t the vertex, two in the same horizontal plane with 
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the focus, aod near the edge of the mirror at PP. saJ 
the foartfa, also near the edge, and in the same Tertinl 
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circular tube at F until (when fixed by the checkis 
handle already noticed at p. 95) ita upper edge just 
Ouches a narrow projectioii inside the tube F (so placet] 
lihat the rim of the burner should simply touch it when 
is on the level required for putting the brightest part ol 
the flame in the focua). then the burner ia in the prop^ 
position ; but if, on the one hand, the axis of the burned 
stands beyond F, at aome point between it and N (whi»A 
lies in the plane of the mirror's edge), the bent tube 
("roTD the fountain must be shortened at A ; and if it rii 
too high, that tube must be bent down (and vice versa)i 
until, by successive trials, it shall exactly fit into th< 
tube F, and stand at the proper level. A skilful work' 
man soon comes to guess those ([uantitles very accil' 
rately ; and, almost at the first trial, curtails the tuba 
to the proper length, and bends it to the suitable level; 
All that is needful is, to proceed cautiously, so as not tQ 
cut the tube too short, for this leads to some trouble. 

The great advantage derived by seamen from th( 

establishment of lights on a coast, soon makes the calls 

for additional lights so frequent, that their very numbee 

itself produces a new evil, in the difficulty of distin-' 

gnishing the lights from each other. As the object 

' a light ia to make known to the benighted mariner thee 

land he has made, with as much certainty as the aighfe 

of a hill or tower would shew him his position during 

' the day. it becomes an object of the first importance to 

impress upon each light a distinctive character, whieb 

shall effectually prevent the possibility of its being mia- 

taken for any other. 

Catoptric lights are susceptible oi ame aa^sffl'^ ^ 
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The introdnction of colonr, as & Hoarce of distincti( 
is necessary, in order to obtain & sufficient number <j 
distinctions ; but it is in itself an evil of no small mag- 
nitude ; as the effect is produced by interposing coloord 
media between the burner and the observer's eye, and 
much light is thus lost by the absorption of those rays, 
which are held back in order to cause the appearanct 
which is desired. Trial has been made of varioai 
colours; but red, blue, and green alone have been fouiul 
useful, and the two latter only at distances so short M 
to render them altogether unfit for sea-lights, Owing 
to the depth of tint which ia required to produce i 
marked effect, the red shades generally used absorb from 
Jths to ^tha of the whole light, an enormous logs, and 
sufficient to discourage the adoption of that mode of difr 
ttuctioii in every situation where it can possibly Ik 
ayoided. The red glass used in France absorbs onlj 
^ths of the light ; but its colour produces, as might lie 
expected, a much less marked distinction to the seamfia'a 
eye. In the lighthouses of Scotland, a simple and con- 
venient arrangement exists for colouring the lightt, 
which consists in using chimneys of red glass, instead^ 
placing large discs in front of the reflectors. 

After what has been already said on the subject of 
divergence, it will at once be seen, that in revolving 
lights the reflectors are placed with their axes parallel 
to each other, so as to concentrate their power in oat 
direction ; whilst in fixed lights it is necessary, in 
order to approach as near as possible to an eqnil 
distribution of the light over the horizon, to piMf 

■[""■""'"'""•"J 
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pan angle somewhat lees than that of the divei 
Ktce of the reflected cone. For this purpose, a braas 1 
e (see fig. 22), compoBed of two long arms, AM, AM, 



J»S. 



eomewhat in the form of a pair of common dividerai 
connected by means of a graduated limb A, is employed. 
The arms having been first placed at the angle, which 
is eupplemental to that of the inclination of the axes of 
the two adjacent mirrors at 0, are made to span thfl 
face of the reflectors, one of which is moved about till 
its edges are in close contact with the flat surface of one 
of the arms of the gauge. 

Figs. 23 and 24 shew an elevation anA \\m\ ot a, ^wi; 
vol ring apparatxia on the catoptric pT\nc\^\e. \tv'0( 




IH iittiiclieil to the revolving axis or shaft g. The 

tubes r T convey tho smoke from the lamps ; « 8 ar 

llirH whioli support tho shaft at ( ( ; u h is a copper { 

I n'ct'ivwg any moisture w\uc\i ma^ viatt\ic"cAsia."i 

t'o/i(mI ventilator in iVte too? o? 'Oat^v^Xsw 
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Fig. 24. 






ist-iron bracket, supporting the cup in which the 
t of the shaft turns ; m m are bevelled wheels, which 
ejr motion from the machine to the shaft. The ma- 
ery does not require any particular notice, being thiit 
mtnon clockwork, moved by the descent of a weight. 
;, 25 shews a plan of one tier of reflectors arrangt 
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in t&c SBkaner vmployvd in a fixed catoptric light ; nil 
!tk««« tlK* ckukdvli^r, f the fixed shaft io the ceatre, 
which sup{>Art8 the whole, <> o the reflectors, and pp ttil 
fuvatatiis ni their lunp«- In this figure (in order K 
preTVOI coofWioa) onlj one tier of reflectors ia ahetm 
tlt« other tiers ure m arranged, that their axes dlvidl 
int^t «t\«al MLgles the area intercepted between the aiei 
ti*' the «4jouuii^ reflectors ou the first tier, thereby pro 
4unn£ the ite«i««t appnuch to an e<iual distributioa o 
I)m U^li which is attainable by this arrangement. 

b Bgkthoaisira of moderate height, the proper positioi 
for the wAfCtor itwlf is perfect horizontality of it 
axis, vhieli mat be a^enained with sufficient accurwj 
bv IrviiVK with a plummet, whether the lips of tbe io 
slnuMMtlv wtudi ve nt^y conclude to be at right angli 
to the ptaiie of it» axis, he tmly vertical. In light 
r\v>«s siTv uiwv'h i-lovarM aK've the sea, however, tb 
vltp vif \hv hi^riiou bec\>uto$ notable ; and a slight incli 
natii'u tVvr*anls shv'Mld W given to the face of the re 
tttviv>r*, sv> that their axes pnxluced may be tangents t 
ihr i-arih »i (ho visiblo horizon of the Ughtroom ; an ai 
runjS'iueui which, in practice, may be easily made b 
ivttivtiu^ <he $t>a horizon, in a small mirror placed at th 
t\vH,<. ,t»d inclinwi at 45" to the axis of the parabolo^i 
so lli»I the image of the sea-line may reach the eye i 
(bo lineoftheivaraineter, inthesauie manner, asisafte 
w anU notictnl, in sjH'akingof the inclination of the curv( 
mirrors hsihI in addition to the refractors in certain dio] 
trie fixinl lights. This dip of the reflector, howeve 
mnst not be permitted to interfere with the perfect hoi 
zontality of the top of the burner, which is indispensab 
to its proper burning. 
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Various forms of the parAbolic mirror were invented 
Bordier Marcet, the pupil and successor of Ar- 
'who has laboured with much enthuaiasm in per- 
catoptric instruments, more especially with a 
their application in the illumination of light- 
and the streets of towns. Amongst many other 
)us combinations, he has inventiid and constructed 
itus which is much used in harbour-Iighta on 
ich coast, where it ia known by the fanciful name 
Btderal. The object is to fulfil, as economi- 
possible, the condition required in a fixed light, 
linating, with perfect eijuality. every part of the 
I, by means of a single burner ; and M. Bordier 
has, in his workshop at Paris, an instniment of 
id, eight feet in diameter, which he constructed 
lation. The apparatus used in harbour-ltghta, 
French coast, is of much smaller dimensions, and 
not exceed fifteen inches in diameter. A perfect 
iiloa of the construction and effect of this instrument 
amy be formed, by conceiving a parabola to revolve 
sdoiit its parameter as a vertical axis, ao that its upper 
«id lower limbs would become the generating lines of 
two surfaces possessing the property of reflecting, in 
lines parallel to the axis of the parabola, all the rays 
incident upon them, from a light placed in the point 
tbere the parameter and axis of the generating para- 
ixila intersect each other. This point being the focus 
of each parabolic section of this apparatus, light ia 
equally dispersed in every point of the horizon, when 
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t upon by its own flame, and also by that of the 
her. This modification consists in the union of two 
<rtions of hollow paraboloidal mirrorsj generated by 
e revolution of two parabolas about a common hori- 
mtal axis, and illuminated by two lamps placed in the 
cnB of each. The first surface is generated by the re- 
tlntion on its axis of a segment of a paraboloid inter- 
ipted between the parameter and some double ordinate 
reater than it, and may, from its form, be called the 
ibbon-shaped mirror. The second surface ia that of a 
irabolic conoid, which is cut off by a Tertical plane 
MBiDg through a double ordinate, which ia equal to the 
M»met«r of the parabolic ribbon, which is placed in 
out of it. The elements of the curve which forms the 
Boldal mirror, must be so chosen as to have its focus 
a convenient distance in front of that of the ribbon- 
»ped mirror, bo as to admit of placing the two lamps 
>»rate from each other, as well as to produce the ne- 
isary degree of divergence, which is to be obtained by 

> action of these mirrors respectively on the flame 
■ced in the focua of the other. These two mirrors are 
n«d together in the line of the parametric section of 

> ribbon, which coincides with the lips of the conoid 
some double ordinate behind its parameter. Each 

rror produces, by means of the lamp placed in its 
lus, an approach to parallelism of the reflected rays, 
^ch the designer has not inaptly termed the prind- 
tl effect; whilst the action of each surface on the 
inp which is placed in the focus of the other, causes 
hat the inventor eaJJs the secondary or latcroV e-getv. 
'leir Becondary action may be deBCti\)ei. ^Jcim.'s, ■. '^V«t 
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is tbe foco;^ of the ribbon, is miM^i 

M coaotd Uun its own focua ; so that ital 

rilh norattb to the surface of the cosoii, 

r dm thme which are formed b; the rays' 

na itt focus, ire of necessity reHected in 

1 1^ axis ef the mirror. Those, on 

h {itixveJ from the focus of the conoid, 

I sorfttce, so as to make angles 

I those which the rayg 

L which are, therefore, 

the axis of the mirror. 

or ntit tti T«j9 ■w ire cot the axis, and di- 

tp Itvm it «>n tk* «tlu rhis apparatus haa been 

!< al Lk H^T*. MV ; and some other Ughto 

tk» F w o fc «MHt ; Wt i iposEible not to percein 

tt^^ nrfMkl W* rf fight whi^n rp^te from the uge of two 

rtac-t-* ;;i I'nv v;;;iTv>r: *ini il miL>;t not Iv forgotten, that 

iJi»- «U*vr^avv whiv'h is obtuneil by means of it is not 

^^M;;(^^^<^^ iv» (he Kr'iriiviulal direction in which only it 

)K v^uivvt: hut ihftt the light is at the same time 

sy'snihTusi in ovcry dirwtion round the edge of the 

xH>rTv>r, 

AmMt^'iHouts of a similar kind were proposed and 
<'\ei'»(e.l fi\r the smuie purjwso of uniting greater diver 
j:v»iv with ivnsiderable power in the central parts o) 
the r^'^ultAitt Warn, by .Vrgand himself, in 1806, anc 
also in IS08. by M. Haudry. In^htU-ur des Ponte e 
Ckftufsr^f. Argftud proposed the union of a paraboloif 
and an elliiwold. having their foci coincident in om 
IHiint, which, being the posterior focus of the latt« 
curve, was illuminated by the rays rffl-'-fed to it V 
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neans of ihe ellipsoidal surface from the lamp placed 
JD the anterior focus. From the optical foais thua ob- 

I ained. some rays would fall on the paraboloidal eurface 

' Mid produce, by reflection, a cylinder of parallel rays, 
while the rest would diverge from the axis, and form a 
lone of spreading raya. M. Haudry's plan consisted of 
a combination of a conical with a paraholoidal mirror so 
placed, that the ra-ys from the front part of the hollow 
none might be nearly parallel to those sent out by the 
paraboloid ; while the rays from its base, diverging 
from the axis, might produce a ring of divergent rays, 
nmilor to that obtained from the ellipsoid of Argand'w 
^iparatus. It would occupy much time to exhibit all 
tlie disadvantages of the arrangements in the fanal 
dovhle effel, and also in those of Argand and Haudry ; 
ud I shall therefore dismiss the subject by observ- 
ing that the loss of light due to the position of the 
Same in the apparatus of Argand, is bo great as to in- 
daee one to wonder that such combinations should ever 
have been attempted. There can be no doubt, that the 

I most efficient mode of obtaining due divergence from 
mirrors is, to adopt the paraboloid, with a short focal 
dijt&Dce, which has the double advantage of increasing 
&B divergence which is due inversely to the focal dis- 
tance, and, at the same time, subjecting to the action of 

' the mirror a larger portion of the luminous sphere pro- 
ceeding from the flame. This, however, as already no- 
taoed, may be pushed too far. 

Lastly. I shall notice M. Bordier Marcet's /anal a 
double face, which consists of two parabololdal mirrors, 

Ij^goated in the vertical plane of the i{iaTMQ.ft\at, wi,^ 
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united together back to back, so as to be illuimDate< 
the aame lamp placed in their cominoD focus. To i 
the light Trhich would otherwise escape the i 
action, he adds a parabolic conoid of greater focal a 
tance and so placed, that while its focus may c 
with the common focus of the other mirrors, 
may be so restricted, that it shall not interfere ^ 
the effect of the truucated mirror opposite which i 
situate. The obvious consequence of such an a 
ment is, that the rays (see fig. 27) produced from all 
in the common focus of the three mirrors, will prod 
in opposite directions a luminous ring from eaoh c 
truncated mirrors AC, BC, and A'C, B'C, irhila^ 

Pig. 27. 




central or conoidal mirror MN will fill the interior of 
one of those luminous rings with a cone of rays, whose 
intensity will he in the inverse ratio of MN* to a ft' (or 
FM* to F a^), which latter surface represents the whole 
amount of naturally divergent rays, which strike on a b, 
and which are spread over "NtN. t'wo ae'i::^ iiS tftflectota 
of this form facing in o^posVte AitcctKcma t^w^ ^^ a 
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1 in one plane, and fixed on a frame which could 
ide to revolve roimd a vertical axis), wonld thus pre- 
iheir brightest effect after considerable intervals of 
!; hut, by arranging them with their axea slightly 
tned, they were made to prolong the light perioda 
Kinrtail the dark ones. M. Bordier Marcet Bpeaka 
iis apparatus with all the satisfaction generally felt 
inventora ; hut it is no difficult matter to identify 
(conomic effect with that of the common paraboloidal 
It is obvious, that all the rays which fall from 
e focal point on the throe reflectors AC, BC, A'C, 
E, and MN, are merely those which would fall on a 
B reflector, whose double ordinate and the portion 
isaa between that ordinate and the focus, are 
i to those of the first reflector of the compound sys- 
l^.ao that the quantity of light reflected by the three 
rtora is neither more nor less than that which would 
) projected by one. All the difference that can exist 
is, that in the case of a flame which has a notable size, 
' the surface MN being farther distant than a 6, would 
produce leas aberration and, consequently, a very alight 
I increase of intensity in the small portion of the reflected 
! 'beam of parallel rays due to that part of the compound 
mirror. We cannot, therefore, sensibly err in rejecting 
any advantage to he derived from this arrangement as 
insignificant.* 

Spherical mirrors have been employed in lighthouses 
chiefly when they can be introduced to aid the effect of 
Te&acting apparatus ; and it will not be necessary to 

* See Peclet's Traiti He I'Eclairage, p. 3Q2, ^iQm'«V\*i.t'i,^ 
Ja copied. 
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aay much of them in this place. I must, however, 
tice an ingenious proposal of Mr W. H, Barlow* 
suggests placing, in front of the flame, a. small sphori 
reflector, whose centre is coincident with the focus of I 
paraboloid and whose subtense is the paramet-er of tbr 
generating curve. The small mirror, being soroewlat' 
less than a hemisphere, would cause the light fa 
upon it to be returned through the focus 
the paraboloidal surface, and to he finally re6ected 
that portion of it which is embraced between the limih 
of its extreme divergence. If there were no lose «( 
light at the surface of the small mirror, its effect would 
be to increase the power of the beam of parallel rays bj 
an amount equal to the sum of the rays incident on tbi 
spherical surface, but at the same time to diminiah it 
by intercepting a small portion of the light reflected frMi 
the paraboloid, equal to a circle whose diameter is lit 
chord of tlie spherical segment itself. I am not awai* 
that such a combination has been tried, as it appU« 
moat advantageously to reflectors whose span does n* 
exceed the parameter of the generating curve, a frtnt 
rarely adopted in lighthouses ; but it might also In 
adapted to reflectors which intercept a larger portion rf 
light, by employing a still smaller segment of ch* 
sphere. The cone of rays proceeding from the smlll 
sphere would also of necessity have great aberration. 

Captain Smith, of the Madras Engineers, has de- 
scribed, in the '■ ftofessional Papers of the ■ Corps d 

* In an eioellent paper, above no\i.ce4, oq ttit V 
LlgbtbouefsB, in the London TianBB.Kl\mi», ^ot \%S1, i 
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gineers,'" a new ajstem of fixed lights," which con- 
;3 in placing a flat wick in the focus of one-half of a 
low parabolic spindle generated by the rotation of a 
abola about its parameter as a vertical axis. The 
ion of the iDstrament is obvious, for each vertical 
tion being parabolic, effects a change only in the ver- 
tl divergence of the raya incident on it from the focus, 
I suffers their horizontal direction to remain unal- 
ed ; thus each vertical plate of reflected raya passes 
ough the parameter of the curve and illuminates the 
losite point of the horizon, by means of a narrow 
p or line of light. Two hollow spindles of that 
m, each lighting 180° and facing opposite azimuths, 
lid, therefore, be sufficient to illuminate, in a very 
ble manner, the whole horizon of a lighthouse. The 
hor of the paper, however, appears to contemplate 

employment of a series of those mirrors ranged 
I above another and breaking joint vertically, some- 
it in the manner already described in speaking of 

arrangement of the paraboloidal mirrors used in 
(d lights. The advantages of this mode of illumi- 
ion are much overrated by Captain Smith, who 
ms to magnify beyond its real proportion the risk 
mding the use, in the dioptric apparatus, of a single 
ip, whose sudden extinction would deprive at once 

whole horizon of the benefit of the light; while, 
the contrary, he reckons the security obtained by 

arrangement as an advantage of the highest value. 

' Vol. v., p. 66. 
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tub end, c and d) ita inner or silver 
He upon a large block of beeehwood, 
«f A form sligbtlj concave. This beat- 
isg is begun at tbe edge of the plate, 
Mid gradnallyreacbes the centre. After 
tie disc has been raised to the proper 
Idght on the wooden block, the next 
riep ia to take it to the harge (fig. 32, 
page 125,) where it ia beaten with the wooden mallei 
[fig. 29), its concave face being in contact with the bright 
rteel-head a (fig. 32), until it has nearly reached tbe pro- 
ps height for the reflector, for which the workman has 
» gauge or mould to guide him ; in this course of raU- 
ny, as it is called, the peened face bab (fig. 29) is first 
Bed, and then recourse ia had to the opposite or flat face 
fcr Bmoothing it after being raised. In this last course 
of raising, as well as in the process of smoothing the re- 
Bector all over, the workman beatridea the horee ; and 
then in this attitude, a boy assists him in mancenmng 
the reflector. 



Pig. 29. 



Fig. 3 
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During the process of raising with the peened sidai 
the mallet, an external mould FGHF (fig. 30), witk) 
needle-point P at its vertex, to indicate its properpositii 
with reference to the mould, is frequently applied; uw 
allowance is made on the height and diameter o( tliF 
reflector to meet the expansion of the metal during tk 
m hard hammering which is to follow. After each oontst 
I -of the raiaing with the wooden mallets, the refleoMT 
must he annealed in the following manner :— The » 
flector is first damped with clean water, and its surfw 
dusted over with a powder, composed of one pint of pon- 
dered charcoal to one ounce of saltpetre, which 
plied by means of a thin flannel bag. The reflector a 
then put on a clear charcoal fire, where it is tnmrf 
round as the powder fiica off, an efii3ct which indii 
that the metal is didy heated. Over-heating is verjit 
jurions. When removed from the fire, the reScctwit 
plunged into a large tub, containing what is called tht 
pickle, which is a solution of one quart of vitriol 
or six gallons of water. After this it is washed wift 
clean water, and scoured with Calais sand. 

The next step is to put the reflector, thus raised -afar- 
ly to its true form, into an iron stool, where a smsD 
hole being drilled in its vertex, a circle is describfi 
from this point with a beam-compass, so as to cut tlK 
parabolofd to the proper size. 

The reflector is next hard hammered all over (i 
planished, as it is technically termed) on the bi 
steel-head a (fig. 32), with the planishing hammer 
31) ; and to facilitate working, the reflector is sh 
^Sexibh frame SS, and couiiteTVusXa-Qftci \ig ■*.■ 




, hanging by a cord over the pulleys jj/». When the 
fleeter is all planished over, the next procesa is the 
toothing, which la done on the steel-head a, with a 
jhter hammer (fig. 33), muffled with fine parchment 
each end. After it ia smoothed oomoa tKft jlftW 
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*v uiMtXv^L ttrv ^vud; ||iin(! over vith the lunfSed ham- i 
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face 18 observed by some one stationed at a convei 
distance ; and if the whole surface appear luminom 
instrument ia considered fit for polishing ; but if 
dark spaces be found in it, the whole reflector must 
again carefully tested by means of the mould, and flis 
defective parts remedied in the manner above described 

The next step is to turn over the edge of the refledM, 
BO as to stiffen it. For this purpose it is placed in ti* 
matrix P" P (fig. 36), and the needle-point at V 
justed by the screw at D, so as just to enter the Bmsfl 
hole formerly drilled in the vertex of the reflector. Tii 
die-plate P P (worked by means of the arms A A, whid 
turn the screw S) then descends and presses the dp 
over, which is finished with a finely polished tool C,n- 
volving round the axis of the instrument, which, it 
course, coincides with the centre of the matrix ud 
die. In order to ensure a steady vertical movetnwl 
of the die-plate P P, cross-arms F F, provided vA 
sockets HH, which slide over the rods GG, GG, 
added to prevent any lateral shake or derangemeol 
The whole frame is atiflened by the cross-head in whid 
the screw S works. 

The reflector is then placed on the circular castin* 
table (figs. 37, 38), to which it is attached by the c\«sf- 
screws S, S. In this position, the bizzle W (tig. Ufl 
and back-belt NAN (fig. 38), are soldered on. Altai 
this the reflector is ready for being finally polished ; h 
which purpose, it is placed in a chaise percee, psdiW 
round the edges, and is first scoured all over with ajnC 
of pure charcoal of hard wood (generally of pear-t 
fmad next with a mixtme o5 ¥We^c.ft 
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led rottenatone, applied by means nf a large ball of 




Mffine cloth. It is then carefully c\ea.iisei ■wx'Or. ■». 



RUDIMENTARY TREATISE 



ON THE 



[ISTORY, CONSTRUCTION, 
AND ILLUMINATION 



OF 



LIGHTHOUSES. 



BY 



A.LAN STEVENSON, LL.B., F.K.S.E., M.I.C.B., 

ENGINEER TO THE BOARD OF NORTHERN L10UTUOU8E8. 



PART II. 



mifb lEIInstratibc lEngrabings mts mooncuta. 



LONDON: ' 
JOHN WEALE, 59 HIGH HOLBORN. 

1850. 



CONTENTS TO PART II. 



DIOPTRIC SYSTEM OP LIGHTS. 



tory of Lighthouse lenaes in England, 1 — Buffan, Coadorcet, 
', Freanel, 2— -Lenticular apparatus adopted in varioD 
i, 5 — Laws of refraction,? — RefruotioH through a plan 
11 — Triangular primn, 11 — ConcnVB, bi-convex and plane 
tlenaea, 12— Spherical aberration, 17 — Fresnol's formula! ftir 
II lenses, 19 — Testing len<ies, 29 — Divergence of beam tn 
A through lenses, 33— Illuminating pourer of lenees, 34 — 
at of lenses in a Lighthouse, 35 — Pyramidallenses and mlr- 
-CuTTed mirrors, 36— Cylindrio refractors of fiied lighta, 
ilication of crosBed prlams to caaee flaahes, i3— True cjlin- 
n giien to refractors, and other improvements in their 
ioo, 43— Catadioptric zones, formulffi for computing their 
s, &c., 47— Tables of the Blemenla of catadioptric muhb, 66 
sding of zones, 77— Expense of various parts of the Diop- 
U3,87— Testing of lones, 87— Framing of aones, 92— 
Jiical lamp, 92— Height of flame of mechanical lamp, 97 — 
if flame in reference to focus, 98^ — Working of the pumps, 
le of focal point for various parts of Che apparatus, and 
B zones, IOO— Application of spherical mirrors to 
ptric Lights, 102 — ^Arrangemontef Dioptric apparatnein 
^troom, 103 — Fresnel'a amall Catadioptric Harbour light, 107 
tttSe of its Elements, 110— Power of Dioptric inatrnmentt, 
! of French lighta, IH — Diatinctiona of Dioptric 
— Comparison of Dioptric and Catoptric apparatos 
ig lights, 111- Comparison for filed lighta. 117— 
f views as tu two systems for revolving light*, \aa 
of views as M two systmns lor tiiiaa \\^\a,\'i"V— 



i dbairuilagw of botb *jtMta» ander csrbuii o 
S 1S3 — DUtiaclloa* at Ilu Dioptric Lights and I 
■ppQ^Uoo of mlooRd media, 127 — Captain Bui] Uall's prapo 
Cot SaM ligM*, liS — Effeels of rapid ni<7ttoD on tlie power 
liflkn, I3S — CooDartian of the oiiwrved phenomena witJi irrad 
tlOB, 157^ — ^Mr Gordoa't union of reSecting with refracting rinj 
1*0 — Ur Thomas Btcveiuan'a Tarioiu titrma of Iluilupbotal ap] 
I, Dioptric, Catoptric and Catadiaptric, US. 

UOUS GRXfiRAL COKStPBRATtONS COyNHCTBD 
LIOUTHOCSEa. 



ig tigbta. 149— OmMc Ligku. ISO—Uading Lights 1S3- 

' MbatianorUekeaonaFo'iBt, IS5--Heightof LighthooBel! 
and iU rolatlon to range of light. 159 — Diagonallj framed Lai 
IBS— Glaaing of Lantern, 163— VenUlatlon of LanlarnB, 164 
rangemejits and management ofa Ligtathoiue, IGT- — Cleaiudng 

Lappwatna, ITO — Hoda of meaanring nlaUve power of UgUSi 
—Mors accurate comparison of intetiiily of lights, 17T — Buneetl 
photometer, 184— Wheatstone'Bphotomeffr.lSS— Floating 
1S9— Beacona and Bnojs, 137 — Addendum as to Iron Light- 
houie on the Bishop Rock, 190, 



SIX. — Inatrnctlons to Ltgbt1(«eper» in the e< 
l^iiiiiners of Borthem Ltghthouaee, 193. 



e of tho Com- I 



i 



LIST OF PLATES. 



IB 8cftlB, of the F.drtjslone, Ball Rock, and Bl 
m LlghthmiEeB, ibening their relBtive proporti 
bpnted poaitton of the Centre of Gravity in eai 

loFDirj Barr^k, Dsad as a Dwelling bj the Warkmen ft 

fa building of the Skeiryvore Ligbtboase, and aimilur ta 

it tlie Bell Rock. 

I BlHvatian of the Balance-Crane used 
a portion of the Skerrjvore LighthoUEe, similar tl 

it the Bell Kock. 

Band Section, with Table of EletoettCe of Freansl's 
pnolar Lsiib. 

II of a Revolving Light of the Firit Order, 
Iptric Sjstem, eheiving tbc Great Lensi 

les, and Plane Mirrors, and also the Revolving Machll 

in, shewing the Position and Elements of the Concava ]) 
'B used above and t>elaw the Dioptric Belt in Fixed L 



ion of the Apparatus for a Fixed Dioptric Ligbt oFj| 
<t Order, showing the Dioptric Belt, and the Catai 
les. which have been substitnted for tbe Conca 



Tl 



VIII.« Eubrged Section of CHtadioptric Zodbs of the Firat Of 
thening tbo dietsace of the 20tiOB from tbo (oral mi 
angles subtended bj eachi the lengths of the aides of Ibe gti 
rating triBngles, and the bihbb and eoaines of their vorlifil 
clinntioii. The uppflr sarieB is shewn at A, and the lo»«t 
series nt ('. The diagram at U shews the position of ^« I 



le of th 






IX. Elevation of the Mechanical Lamp for Dioptric LigbteDT 
First Order, shewing the Clockwork, the Ciitem, Valna,! 



XI. Elevatiou of Ltgbthousa and Dwell ing-bonses of Ligbttaq 
at Ardnamurchan Point, in Argyllshire, lighted 18i9. 

Xn. Plan of Buildings at Ardnumurrban Lighthouse, abening 
relative position of the Tower, and the arrangement oF 
LlghtltBopors' Dweiling-honses and Storehouses. 




3ATISE ON LIGHTHOUSES. 



DIOPTRIC* SYSTEM OF LIGHTS. 

of the earliest notices of the application of lenses 

lighthouBes is in Smeaton'a Narrative of the Eddj- 

me lighthouse, where it ia mentioned that a London 

tician, in 1759, proposed grinding the glass of the 

Dtem to a radius of seven feet six inches. The de- 

ndption is too vague to admit of any conjecture as to 

h& proposed arrangement of the apparatus ; but if the 

entioular form had been adopted, the fixed light would 

been invisible over the greater part of the horizon. 

Aiboot the middle of the last century, however, lenseH 

actually tried in several lighthouses in the south of 

Bigland, and in particular at the South Foreland in the 

1752 ; but their imperfect figure and the quantity 

•f light absorbed by the glass, which was of impure qua- 

ity and of considerable thickness, rendered their effect 

BO much inferior to that of the parabolo'idal reflectors 

use, that after trying some strange combinations 

of lenses and reflectors, the former were finally aban- 



• Moat probably directly derived froui the Greeli J/iirji 
a optical instrument with holes for looking thFough. whose niui 
I H wrapouod of did. t/trouffA.asid MT(V*ai, I see- 
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e tiso tried it the lights of Poil 
1 of Uvwih. and Wftterford, hj Mr Thoi 
, a gliT sunabctorer in London ; vho poi 

> sud, the art of blowing mirrors of g\aa 
1 bj » »e« method, silvered over the conres «i 

qaickalrer."* 
Tim f^tct t« be Attuned b; the use of leoses in 

> ift, of conrse. identical viih that which 1 
d by enplojing reflectors ; uid both instrument 

I the same end bj different mesne. ooUecting H 
ttjs which direrge &om a point called the focm, i 
Injecting them forward in a beam, whose axis coincii 
1 the produced axis of the instrument. We hi 
Pafaeadj seen that, in the case of refkefion, this reBnltr 
ffoda c ed bj Uw li^t being thrown bade from » i 
face po formed as to i-aose all the ravs to proceed in 
and the same rei^uired dirtctiou. In the ease of refra» 
(ion. on the other hand, the rays pass through the I9 
fraoting medium, and arc ftenf or refracted from UiM 
natural course into that which is desired. 

The celebrated Buffon. in order to prevent the greri 
absorption of light bv the thickness of the material, wbicK 
would necessarily result from giving to a lens of greal 
dimensions a figure continuously spherical, proposed to 
grind, out of a solid piece of glass, a lens in steps or con- 
centric zones. This suggestion of Bnffon about the con- 
struction of large burning glasses, was first executed,'! 
with tolerable success, about the year 1780, by the AbM' 
Rochon ; but such arc the difficulties attending the pro- 



* HutchinBOu's Practical Seamauship, p. SOO. See also tba 
notice of the spherical minon made ^^'^ME' Franqola a 
■Ceiourneaa ofParie, in a Bubseinieiit rf 
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of -working a solid piece of glasB into the neceaaary 
I, that it is believed the only other instniment ever 
matmcted in this manner, is that which was made for 
e CommiBsionerB of Northern Lighthouses by Messrs 
Hokson of Newcastle-upon-Tyne, who imagined that 
Jeywonld thus avoid much risk and uncertainty in unit- 
gthe separate zones bo aB to form a compound lens. 
The merit of having first suggested the building of 
BBoe in separate pieceB, Beems to be due to Condorcet, 
dlo, in bis Eloge de Bufon. published so far back as 
573, enumerates the advantages to be derived from this 
Sir David Brewster also described this mode 
building lenses in 1811, in the Edinburgh Encyclo- 
and in 1822, the late eminent Freanel, unac- 
lied with the suggestions of Condorcet or the de- 
in by Sir David Brewster, explained, with many 
Sous and interesting details, the same mode of con- 
ig those instruments which he had discovered 
iself in 1819. To Fresnel belongs the additional 
of having first followed np his invention, by the 
iction of a lens, and, in conjunction with MM. 
and Mathieu, of placing a powerful lamp in its 
and indeed of finally applying it to the practical 
purposes of a lighthouse ; nor will I omit to record, to 
Ub honour, that, in hia original Memoire, ho frankly 

• On poiirrait mSme composer de plusieiirs pitea ces ioopes 
liAihelonH ; on 7 gagnerait plus de facility dans la constraction, 
me gnmde diminution de d^pense, I'avantage de pouToir leur 
Sonner plus d'^tendue, et ceJiii d' employer, guivant le b^aoin, 
tombre de ceTclea plus ou moins grand, et d'obtenir 
aSme instrnment diff^rents d^gr^B de force. — Eloga 1 
Jt. 3S; (Euvrts de Cojidorcct, torn, iv., Paria \&04- 






A worraic system of u6bt». 

ttoticM th« di»oov«rtC8 by which his 

put u)tidptt«d the system of illnraination •wiiA 

juxUj beftTs his Dftme. 

The grvftt advanUgcB which attend the mode of i 
Mruction proposwl by Condorcot are, — the ea« of « 
tion. by «hicb a more perfect figure may be giten 
each ■t>Qi> and spherical aberration in a great mi 
oorrected. and the power of forming a lens of 
duuean\«s than CDold c«sily be made from a solid 
Both Biifi« and CVndorcet, however, chiefly speak 
redncinjC th« thtckneu of the material, and do not sea 
tu have thought of determining the radius and centre) 
the curvalupc of iho generating arcs of each zone, b 
ing contented themselves with simply depressing 
i|iherioal surface in separate portions. Fresnel, on 
'.'ther hand, determined the position of those centre 
iiiiiv'ii continuallj- rocedf from the vertex of the lensifl' 
(^evfytrtion aa the zonea to which they refer are i^ 
ittf«vd from its centre ; and the surfaces of the zonal 
<Mueitfi^ttently, are not, as in Buffon's lens, parts of 
ciHtii^tttriu spheres. It dcsorTCs notice, that the first 
1tUM» wustnicted for Fresnel by M. Soleil had their 
■■■vuvb i^wlvsvmal, so that the aurfaces were not an- 
nulai', ^ fOFtti which Fresnel considered less accommo- 
lUtuJ to the ordinary resources of the optician. He 
also, with his habitual penetration, preferred the plano- 
coiivu.^ to the dottWo-oonvex form, as more easily exe- 
LiitL'il.' Aft«si- mature consideration, he finally adopted 



L'ni; ^tiuio-ivavex Imb, with its our red sid e towards the par 



its our red sid e towardi 
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Wn ^»8S, which, notwithstanding its greenish colour, 
i|D«feTTed to flint glass, as being more free from «(Wre. 
1 his calculations were made in reference to an index 
n&iction of 151, which he had verified by repeated 
^enments, condncted with that patience and accuracy 
which, amidst his higher qualities, he was so romark- 
^ distinguished.'' The instruments have received the 
nw of annular lenses, from the figure of the surface 
Hie tones. 

To the Dutch belongs the honour of having first fol- 
nred the French in introducing the system of Fresnel 
their lighthouses. The Commissioners of the 
[orthem Lighthouses next followed in the train of im- 
nrement ; and in 1824, in consequence of a suggestion 
iTflyed to their engineer, Mr Robert Stevenson, in a 
xsr from his friend. General Colby, RE., they sent 
1 to visit France, and to report upon the lights of that 
ntry, ■which he did, on the 31st December 1824, and 
If order of the Board also imported lenses from France, 
iw the purpose of experiments. After many trials, he, 
■m a report dated 30th December 1826, recommended 
like adoption of lenses in the new light of Buchannese, 
-I proposal which, in consideration of certain peculiari- 
ties in the distinguishing characteristics of that light, 
Tftfl not acted on. Although many experiments were 
made with the lenses during the winter of every succeed- 



My friend, Mr William Swan, carefully eiamined, by his new 
■nd ingenious method, described in the Edinburgh New PhiloH- 
^tutai Journal, January 1641,Beveral specimena of tho St CobHin 
gliM (which 19 now used in the manufacture of the lenees), and 
fiwndite reli-active index to be 1-51793, the diffweMt\if^^ 
the greaieet and least values being only O'OOIOS. ' 
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^^■ng year, it was not until the spring of 1834 U I 

^^R)ommiasioners took decisiye stepa for deciding the(|ll 

^^piion as to the comparative merits of the catoptric H 

dioptric eystem, by sending me, in the spring of 18 

on a mission to Paris, with full power to take !i 

steps for acquiring a perfect knowledge of the di)jt 

Bystem, and forming an opinion on its merite, « 

should find necessary. The singular liheralitjw 

^^K which I was received by M. Leonor Fresnel, 

^^Btiie late illustrious inventor of the system, and tiiA 

^^poessor as the Secretary of the Lighthouse Comm 

France, aiforded me the means of making such »n| 
on my return, as induced the Commisaioners to anil 
me to remove the reflecting apparatus of thej 
light at Inchkeith, and substitute dioptric j 
in its place. This change Was completed, i 

• exhibited on the evening of 1st October 18i 
great yas the satisfaction which the change pro 
that the Commissioners immediately instructed 
make a similar change at the fixed light of the h 
May, where the new light was exhibited on the 33dl 
temher 1836. The Trinity-House of Deptford S 

■ followed next in adopting the improved system, i 
ployed me to superintend the construction of a P 
ing dioptric light of the first order, which i 
wards erected at the Start Point in Devonshire. 
countries, from Gibraltar to the White Sea, and^ 
east as the Levant, soon began to shew sympt 
interest in this important change ; and Amerio^l 
[ believed, is likely soon to ado-jit ac*i.Yse 

^^^Dprovemeat of her VigtlVouaea. '^Teso.A, "^ 
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idy classed with the greatest of those inventors 
) extend the boundaries of human knowledge, will 

i, at the same time, receive a place amongst those 
Miters of the species who have consecrated their 

the common good of mankind ; and, wherever 
me intercourse prevails, the solid advantages which 

B have procured, will be felt and acknow- 

f light, in passing obliquely from one trans- 
y into another of different density, experienoea 
it of the intersection of the common surface 
iwo planes, a sudden change of direction, to which 
me of refraction has naturally been given, in con- 
1 with the most familiar instance of the phenome- 
iwhich is exhibited by a straight ruler with one- 
lounged into a basin of water, while the other re- 

1 the air. The ruler no longer appears strai^t, 
ms to be bent back or broken at the point where 
B the water. It may not be out of place to call 



in jnitioe to General Colbj I miut notice a atatenient by Mr 

r Gordon, in bis evidence before the Lighthouse Com- 

D 1845, to ttie elTect that, " ia the year 1833 or 1834, 

ma oi uitrodiiciiig to tlie Trinity-Hoase and tha 

I Lights Commieaioners, the lenticulated system of 

This Btatement (in bo far as concerns the Noithem 

Jl Board, which fitEt adopted the system of Fresnel) 

Bind the only communication from that gentleman (which 

i a proposal to eihibit a small harboor-ligbt apparatus) 

pt. 1834, ten years after Mr Robert Stevenson had 

\ the lenses irom Paris, and thre« months after I 

1, doring my riait to Paris, a catadio^lric «,Y^™-'™' 

iad for the Commissioaen of the NoTlliero.lA^*Cl 





change of dii 
■refraction, whil 

t,ia anerystallised m< 
a UfUMoiv Bwsh V glass, always 

r ts tiukt <^ Ute refr&cting surface 
I, the angle formed with ^ 
r fcv ihe ray at ixs entering the surface i 
k haa le thfl angle which it maJtes wit 
Ii^IMmI attar to kw tMtn<ed the surface, such a reU 
1ll^4MthMr liMS hsTe » fixed ratio, which is cidla 
'•^^■hAm tmdim Wlien a mv falls norinallj 
■■Aim af aay cdiMaaee, it suffers no re&action. 
% SftviWl «f failing from a rare to a dense « 
Jihi^ W ftia «v »to water or glass, is to make ti 
aa^« rf <~'r-h-fi,i« \eis than ihe angle of incidf'V.t 
iini. :iK««« aa^«» ire measured with reference to > 
-K'nuA^ x> :a« ri.i::e «hirh separates the media at tirt 
>n»n; ,:' •-iK-iiivfc.v- T»e«aiTerse phenomenon, of cooiMi 
^iUt';!- :>^-\.- ^u :a<f ^as$ue from a dense to a rare id»- 
.itiuu. -.u '♦atv'ii ca»? sie angle of incidence is less th» 
ch«j -ut^le >.'t" ■v/Ww.'iH.'M, Te this rule there are a few 
.'M;v|;iiou» ■ 'Vt tUi'K m vvrtain combustible boditti 
■iiKii .w- aiaiuv<u%i, '*!k>«>! rviraotive powers are mnc^ 
i)!^Mot uiui oeitafr «uVciav>e« >.tf equal density. 

I'he dtagnuu lig- ^^y" '•tU «r\e to render those laW 
luuiti inwUigiWe. Loi j r»¥ i^f light a O meet a sta- 
I'iMt: ^'i «abet i* nk M 0. it '«iu V ttnmediatel; bentint< 
tin; AUMCtttMiL u ; »»i U^ 6>M« the centre 0, we de 
,^«ri&t! au,v cituts, mm >Ini« » So* * O h', perpendicul* 
ivun; rh«kii&aai(ln» (•.^■1* " drawn to th 




iFtvD media. 

b may perhaps be added, for < 

Y law, deducible from the others, that since rays 

r from a dense into a rare medium, have their 

Kof refraction greater than the angle of incidei 

tnast be some angle of incidence whose correspond- 

gle of refraction is a right angle ; beyond which 

LCtion can take place, because there is no angle 

^idne can be greater than the radius. In such cir- 

races, total reflection ensues. For common glass, 

(index of refraction is 1'5, we have (in the case 

sine of refraction 

^ hb ' 

B no sine can exceed radius or unity, the angle of 

kce must be limited to 41° 4Ef; beyond which 

iflection will take place, and V\xe Vi^'t ^^^ 
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torn inviardt into the glass, being refieeted at its s 
face. 

ThiiB, if a ray proceed from a point (fig, 40), vitl 




a piece of glase, to a point C, at its surface AB ; 

if 0C6, its incidence, be less than 41" 49', it will be 
refracted in some direction C/; but if this angle be 
greater than AV 49", as C h', the ray will be reflected 
back into the glass in the direction C C. 

The material hitherto employed in the constructi<Mi 
of lighthouse apparatus is crown glass, which, althougb. 
it posaesaes a lower refractive power than flint glass, 
and has, besides, a slightly greenish tinge, offers the 
great practical advantages of being more easily obtained 
of homogeneous quality ; and, being less subject to de- 
terioration from atmospheric influences, it is peculiarly 
suitable for use in the exposed situations generally oc- 
cupied by lighthouses. The refractive index of crown 
glass, as already noticed, is about 1'5, There is now, 
however, some prospect of flint glass, with a low refirao- 
tive pofvoT and considerable purity, being employed. i 



^^pw 
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i" protracting the angles of incidence and refraeUon, 
an the manner above described, any one may easily sa- 
■fy himself of the truth of the following general pro- 
itions resulting from those laws : — 
1 A ray of light passing through a plate of some 
ihanous substance such as glass, with parallel sur- 
08, suffers no change of direction, but emerges in a 
•arallel to its original path, merely suffering a dis- 
ment, depending on the obliquity of the incident 
land the refractive power and thicknesa of the 
The effect of this displacement is merely to give 
rtiy an apparent point of origin different from the 
This will be easily understood by the dia- 
. 41), in which a 6 is a normal to the plate, 

Pig. 41. 



whose surfaceB ica! and of of are parallel, rrrr shews 
the path of the ray, r r the displacement, and j^ the ap- 
parent point of origin resulting from its altered direo- 
tion. 

2. When a raj passes tlirougli a trvon^wt ■^■tvsa 
r&c. the iaclination of the faces a c ani c 
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mergent ray r" to be bent towards <i b. the base ot I 

Fig. 42. 




PiB.*3. 



I priam, in a measure depending on the inclination of tl 
sides of the prism and the obliquity of the incident n 
to the firet surface. 

13. When parallel rays fall on a concave leiu, tt« 
m, at their emergence, be divergent. The aecdoii 

the diaphanous body abed may be regarded as o 
posed of innumerahle frusta of prisma, having tl 
apices directed towards the centre line xr; and 
rays which pass through the centre, being nonosl 
the surface, will be unchanged in their direction, n 
all the others will (as shewn in the figure), suffl 
change of direction, increEising with their distance t 
the centre, owing to the mcTeaam^ m&U.-tta.ti<itt of 
surfaces of the lena as they teceAe ^Tom via axia. 




ftTLaatl 
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Aatly, when divergent rays fall on a oonvex lens 
6, from a point /, called the principal focua, they are 




j)arallel at their emergence ; while, conversely, 
Jlel rays which fall on the lena are united in that 
Mut.* This effect, which is the opposite of that 
iiiised hy the concave lens, may he explained in a 
jnilar manner, hy conceiving the section a 6 of the 
}DTex lens to he composed of innumerable frusta of 
risms arranged with their hoses towards the centre of 
e lens. 

Now, it is obvious, that we can derive no assistance, 
economiaing the rays of a lamp for Lighthouse pur- 
>ae8, from concave lenses, whose property ia to in- 
sase the dispersion of the rays incident on them, 
ith concave lenses, therefore, we have no concern ; 
,d we shall confine ourselves to the conaideration of 
B convex or converging lenses. 



* It is, of course, to be understood tli&t, in tb% cwk oi « 
ISO anr/aceB are apheriaal, only the laya uncidMit neox \^ 
be refraeted accurately to a focue. 
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The lens always used in Lightbonsea is (for reisoM 
already noticed) plano-convex, and differs from the la 
only by having a plane and a curve surface, insteaiot 
two curve surfaces, whose radii are on opposite aides rf 
the lens. The plano-convex ia generally regarded, bj 
writers on optics, as a case of the double convex haiiaj 
one side of an infinite radius. Both forms cauae pai^ 
iel rays to converge to a focua. 

We commence with a general view of the relatiflu 
which subsist between the position of the radiant and 
the focus. 

Let Q g be a section of a lens, and /A r its optici( 
axis, or the line in which a ray of light passes 
changed in its direction through the lens, from its bm^ 
normal to both surfaces, its principal focvs f, whet' 
the lena be double convex, as above, or plano-com 
as in fig. 45, is that point where the rays from 
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id for that near the margin we have : 



tan i'= 






sin e= 


sm i' 




r^r- 


- f . tan 


tf 


tan {= 







sm 6= 



sin i 
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and, finally p= ^ o 



* The following steps lead to the formulae given in the text. 
3t APQB (fig. 48) represent a section of the central lens by a 



Fig. 48. 



.JP 




'»— — 



Mie passing through its axis AF ; F the focus for incident rays ; 
d FQPH the path of a ray refracted finally in the direction 
I, parallel to the axis. Let C be the. centre of curvature 
n PC is a normal to the curve at P ; and, producing P<X \a 
Bt the axis in G, we have G the focus of the Tay%, «»i&«t ^^^xba- 
r at the surface BQ. 
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aive aberration produced bj refraction througli a 1m 

sphere or great segment, whose edge would Taakt i 
parallel raya falling on its curve surface converge lofl 
point much nearer the lens than the principal fodf 
as determined for rajs near the optical axis, tsAw 
avoid the increase of material, which would not n 
add to the weight of the instrument and the ex[ 
its construction, but would gi-eatly diminish by ft 
tion the amount of transmitted light. Vai 
of removing similar inconveniencicB in teleaa 
have been devised; and the suggestions off 
as to combinations of hyperbolic and ellipi 
with plane and spherical ones, more e specially fl 
whole conditions of the case ; but the excesmn 
which must attend grinding and polishing thtt 
has hitherto deprived us of the advan 
result from the use of telescopic lenses enti 
spherical aberration. In lighthouse lenst 
near an approach to accurate convergence i 
focua is unnecessary, every purpose is aasir^ 
partial correction of aberration which may I 
by determining an average radius of curratd 
central disc, and for each successive belt or ring,^ 
recedes from the axis. In the lenses originally n 
for Fresnel by Soleil, the zones were united by n 
of small dowels or joggles of copper, passing froml 
one zone into the other ; but the greater exactnea 
the workmanship now attained, has rendered i 
dispense with those fixtures ; and the compound len 
DOW constructed by 'Mjeaais'Eiwtti^o\%,%'i\'i\\,^^g 
mtaa of Paris, is bo\m4 tositV«;t bcjVVj'X 



Eute am 
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9 and the close anion between the concentric faces 
«of the rings, although the surfaces in contact with each 
■other are only i inch in depth (see Plate IV.) It is re- 
'markahle, that an inatrument, having about 1300 square 
'inches of surface, and weighing 109 lb,, and which is 
leomposed of so many parte, should be hold together by 
iW slender a bond as two narrow strips of polished glaas, 
iVnited by a thin film of cement. 

I will now present to the reader the formulte em- 
ployed by Fresnel, to determine the elements of the 
mpound lenB," in the calculation of which two cases 
D, Tiz., the central disc and a concentric ring. The 
[ distance of the lens and the refractive index of 
j^ass are the principal data from which we start, 
t ua begin with the case of the central disc or lens 
i which the annular rings are arranged. Its prin- 
lection is a mixtilinear figure (fig. 46) composed of 
lent bac, resting on a pj 4g_ 

lelogram bcde, whoso ^ 

1 6 d or c 6 is deter- ^ ~""^-^„^ 

d by the strength which f"~ r 

squired for the joints ^ " "^ 

wliicb unite the various portions of the lens. Those 
tarticulars have, as already stated, been determined 
'■*fith 30 much judgment by Fresnel, and tho dimensions 
of the lenses so varied to suit tho case of various lights, 
'that nothing in this respect remains to be done by others. 



I * It msf be proper to state, that wlille VVia ^omw^Ba *.ia "& 
tif Fresnel, I am reapomible for the mTeBtigations "vn. 'CnB^':'** 
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as tiaji of Ae «dge tf the e^ttial diae ; ud fli 

clnBcnts to be deKrmiiied are the ndins of tlie ean 



wlMMefc6' = r ti 
Noir. nun BB* = b b' nMriy, AB* = AB - b b* 

Fr^ tkii is obtunod the mngk of incidence •', mnd the li 

aacle erf' iefr«etioa c : for ten i = -r >nd ain c = ~ 

♦ /A 

NextB'kC^BbC-BbB'cri} = a-e 

mitd nn a = ;t rini}=/(dii (a— e) 
from wfaidi, Eiu a cos c — cm a un e = 



<—-> 




Momu: jHJRut ow uaaia. 
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Lce, and the po maa of die cMme 'if . nirgaiure . ^mh 
■ence to the TOttx of die low. 
be radios of carraoire of die xone nukT be ^imiitftt 
h"* following forsmls. in whicb iee ic. ^l,. 

fzj^ SI. 

or X' x' 

I 



■ 'TV 







B"B^ 



A 



4^ 



--» 



\, 



i^^-ijUW^^-l 



r,=AB the distance of tiieooter mii:pn of tiwM 

from the axis of the less 
fj^AEthe distance of the inner margin fnsB ti 
axis 

i=BE the breadth of the zone=rj— r, 
p=the radius of curvature = 6 C=mC 
ip =focal distance AF 

t= thickness of the joint B b 
C=B6 

/i=re&&ctiTe index of the glass 
ii = BFA 
t,=EFA 

Then tan H^ = H.; tan **, = J- 



8in«,=?EJ:i;sine,=?^ 
•^^=r^—f sin e^; v'^=r^—i' ain e. 
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, , . , 2 COB C' 

and lastly P= aeoB{,+i(a-tf)}rin i(a-«0 
hich is FresnePs yalue of the radius of ciinratmre-* 



* The following steps will oondnct ns to this ezprasion. 

Let B b/E (fig. 52) represent the seetkn of a sone bj a pkme 



Tig. 52. 
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Lastly, the poBition of C the centre of cnrratore foi 
ring is easily determined by two co-ordinates in reft 

pMsing throagK the axia of the lens AF, C the centre of a 
Tature, F the radiant point, and FB'bx, F£' mm' the tamt 
the extreme rajs which are tranaraltted tlirongh the Hme(aKill 
latter of which passes trom £' to « through a portios of tbe m 
or lens in contact with that under conBideration). Then pitii 
AB = r,; AF = r'^; Cb = p 
AE = r,; AE' = r',; B 6 = ('; BE = r, -r, = ( 
e = the first angle of refraction ft B' £ 
ij = the second angle of refraction B* b C 
e' = the first angle of refraclion eEl/ 
If' = the second angle of refraction emC 
a = the angle of emergence bCq 
a' = the angle of emergen ce m C g 
t", = BFA ; i', = EFA ; t, = BTA ; i, = ETA 
e,=B6B'; e, = E«E'. 
Proceeding exactlj as in the case of the central lens we i 
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ice to their origin, A, which is the vertex of the lens 
last fig., 52), by the equations : 

CG=p . sin a— a b=p . sin a — r^ 
CQ=/o . cos a — 5^ Q=P • cos a—f 
The elements of each successive zone are determined 
the same manner. The annular lens of the first order 
lights in FresneFs system consists, as already stated, 
a central disc 11 inches in diameter, and ten concen- 
lie rings, all of which have a common principal focus, 
lere the rays of the sun meet after passing through 
le lens. With such accuracy are those rings and the 
ground, and placed relatively to each other, that 
le position of the actual conjugate focus of the entire 
Face of the compound lens, difiers in a very small de- 
^gree from that obtained by calculation. 

The tests generally applied for examining the lenses 



bme = hmC-emC = 90° — J (a - a') - 97 

We have therefore in the triangle hmc 

, _he Biahem _ I cob e' 

am hme "cos {r) + } {a-a')} 

and inhmC 

p_bf» sin l)mC_ ^ cos ^ cos J (a — a') 

sin 5 C m cos (17 + J (a - a') sin (a - a') 

/co8e'co8^(a-a) 
""cos {17 + J (a- a')} 2 sin -J (a -a') cos J (a-a^) 

from which, patting hC = p 

Icoe €* 



P = b- 



2coe {v + i {a-a')} sin i {a-a') 
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used in lighthooses, is to find the position of the 
gate focus hehind the lens, due to a given position i 
lamp io. front of it. This test depends on the foUoi 
considerations : — Draw a line from an object in f 

Fig. 53. 




of a lens, to any point Q in the lens ; and from A, 
centre of the lena, draw AH parallel to OQ, and c 
a line B.F r which passes through the principal f< 
at right angles to the axis of the lens ; then join 
points Q and R, and produce the line joining themi 
the image of must be in that line. In the s 
draw a line from to q, another point in the lens on 
other side of its axis, and parallel to it draw Arfi 
the centre of the lens, cutting the plane of the princ 
focus in r. Join g r, in which line the image will 
and hence the intersection of OR and q r, in I, ^ 
the point in which the image of is formed; 
the conjugate focus of the lens due to the distance 
This mode will serve to give the distance of the 
gate focus of a lens (^neglecting its thicJeneaa) Sat \ 
falling on its surface at any angle. 

We shall suppose QA (tig. 53) to reproBcnt ^e 
of a lens, and remembering the conditions describa 
reference to the last figore, we shall at once pen 
Ke truth of the foUomng aiia\o?,-g <^^. t>^-. — 
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: AT ; : AQ : FR : : AI : PI, and putting 0A= 8, 
p, and Ar= ip, we liave S:<p:: (p' ■.(p' — (p, and, 



Kjneatly, 8 ([>'— 8 (jj = ({>(})' ; and hence the follow- 
F-equations, which express the relations subsisting 
reen the principal focus of the lena and the distance 
my object and its corresponding image : 
het. To find the principal focal distance of a lens 
a. the measured position of its object and its image 

refracted through it, we have, = ^— '^. 

2d, For the distance of the object, when that of the 

■ uuaage is known, we have, ^= a^_\j, - 

■ 3d, For the position of the image, when that of the 

8(p 
object ia known, we have, ip'= j— —-, 

In testing lenses, of course, it is this last equation 
vhich wo use, because the value of <p or the principal 
focus is always known, and is that whose accin'acy we- 
f wish to try, while B may be chosen within certain limits 
' at will. 1 have found that the best mode of proceeding 
F is the following : — In front of the lena Q q (see fig. 65) 
I -firmly fixed in a frame, place a lamp at O at the dis^ 
^'tance of about 50 yards. Calculate the TalueQ? *^' 4xuq 
W^ 50 jards, vrhich in this case is e<\\)La.\ te KS' , ^ 



DIOPTRIC SYSTEM OF LIGHTS. 
L: centre, F the principal focuB, &F and 6" F then 

Fig. 66. 




the flame ; then is the angle 6 A t' equal to the ma 

AF 

Rad.ofjMne ^^^ ^^^^ ^ Ar=the whole tUV 
Focal distance 

at A. Then for the divergence at the margh^ 

lens, or at any other point, we have, rQ=v (A( 

and QiB=\^(QF"+Fa^); and for any angle w 

-FQ- 

On the subject of the illuminating power of th^ 
it seems enough to say, that the same general pi 
regulates the estimate as in reflectors. Owing 
square form of the lens, however, there ia a great 
cuJty in finding a mean focal distance wherf 
rect our estimate of the atvg^e a-ttV^ftttieA.' 



! wherejrt 
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-as to equate the varying distance of the aeyeral parts of 
the surface ; but, practically, we shall not greatly err if 
we consider the quotient of the surface of the lens 
divided hy the surface of the _fia7ne as the increased 

■ power of illnmination by the use of the lena. The illu- 
minating effect of the great lens, aa measured at mode- 

, late distances, has generally been taken at 3000 Argand 

lAunes, the value of the great flame in its focus being 

but 16, thus giving its increasing power as nearly 
al to 180. The more perfect lensas have produced 
&! considerably greater effect. 

The application of lenses to lighthouses is so obvious as 
to require little explanation. They are arranged round 
a lamp placed in their centre, and on the level of their 
focal plane in the manner shewn in Plate V.,* and thus 
form, by their union, a right octagonal hollow prism, cir- 
culating round the flame which is flxed in the centre, and 
shewing to a distant observer successive flashes or blazes 
of light, whenever one of its faces crosses a line joining 
his eye and the lamp, in a manner similar to that already 
noticed in describing the action of the mirrors. The 
«hief difference in the effect consists in the greater in- 
tensity and shorter duration of the blaze produced by 



* Plate V. ehews the nature of the mechanical power which 
gives inovetneiit to ths lenses. It consists of a clockwork move' 
ment driven by a, weight which sets in motion a, disc bearing 
brocIcetB that carry the lenses. All this, however, con be seen 
&om that Plate ; and I am unwilling to expend time in a de- 
Jed eji]iIiiuation of what it obviotia bj inspectioa. 



™ttke 
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le lens ; wkich latter quantity ia, of course, proportia 
to the divergence of the resultant beam. Each U 
subtends a central horizontal pyramid of light of al 
46° of inclination, beyond which limits the Icntaoi 
action could not be advantageously pushed, owing 
the extreme obliquity of the incidence of light; 
Fresnel at once conceived the idea of pressing into 
service of the mariner, by means of two very si 
expedients, the light which would othemise have i 
lessly escaped above and below the lenses. 

For intercepting the upper portion of the t 
he employed eight smaller lenses of 500 mm. focal 
tance (19-68 inches) inclined inwards towards the li 
which is also their common focus, and thus fonningi 
their union, a frustum of a hollow octagonal pyi 
of 50'' of inclination. The light falling on those )c 
is formed into eight beams rising upwards at an aug 
50° inclination. Above them are ranged eight plane b 
rors, 80 inclined (see Plate V.) as to project the in 
transmitted by the small tenses into the horizontal di 
tion, and thus finally to increase the effect of the li 
In placing those upper lenses, it is generally thon| 
advisable to give their axes an horizontal devia^ 
7° or 8° from that of the great lenses and in the i 
tion contrary to that of the revolution of the £ 
which carries the lenticular apparatus. By tbil 
rangement, the flashes of the smaller lenses precede til 
of the large ones, and thus tend to correct the d 
practical defect of revolving lenticular lights by prolc 
JBg the bright periods. T^Ve eVa-maiita of the subfl 
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leDBes depend upon the very Bame principles, and are 

ealcnlated bj the eamc formuJae as those given for the 
great leiiBea. In fixing the focal distance and inclina- 
^n of those subsidiary lenses, Fresnel was guided by 
» conaideration of the neceaaity for keeping them suffi- 
riently high to prerent interference with the free access 
to the lamp. He also restricted their dimensions within 
rery moderate limits, so as to avoid too great weight. 
Their focal diatance is the same as that for lenaes of the 
third order of lights. 

Owing to certain arrangements of the apparatus 
Hhicli are necessary for the efficiency of the lamp, but 
I Bmall portion of thoae rays which escape from below 
I &i lenses can be rendered available for the purposea 
of a Lighthouae ; and any attempt to subject them to 
lenlicalar action, so as to add them to the periodic 
fluhea, would have led to a most inconvenient compli- 
cation of the apparatus. Fresnel adopted the more na- 
tural and simple course of transmitting them to the ho- 
liion in the form of Hat rings of light, or rather of 
dirergent pencils, directed to various points of the hori- 
xon. This he effected by means of small curved mir- 
wre, disposed in tiers, one above another, like the 
leaves of a Venetian blind — an arrangement which he 
alao adopted (see Plate VI.) for intercepting the light 
which escapes above as well ae below the dioptric belt 
in fixed lights. Those curved mirrors are, atrietJy 
apoaking, generated (aee fig. 57) by portions such as 
d 6, of parabolas, having their foci coincident with F, 
the common tiame of the system. In practice, however, 
they are formed as poitions of a curved 6\wfa.ftti, g^d^ia'' 
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b; the radina of a circle, wiaeh osoalates the ffn 
Rg. 87. 




rsbolic segment.* The mirrorB are plates of gla 

* To find the radius and eentre of a circle, wbiek aht 
late a given parabola, whose fociu ii in F, draw normsli 
onrve bfm p and P, meeting in 0, and draw He pai 
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wed on the bick and set in flat oases of sheet-brass. 
Ikey are suspended on a circular frame by means of 

ft tnigait of the earre, or top P, then P <Nr /> is the ra- 
tios reqnized. Now we have similar triangles Pjp d and "Sen, 
nd PH and p A are (proximate) ordinates ; hence we have the 
fiDowing analogies : — 

Pd : Pjp :: PH : PN 

N« : Nn :: PH : PN 

Sonoe oomponnding those ratios (in which P <2 ss N n nearly) 

N6 : Tp :: PH» : PN» 
alsoN<5 : Pi) :: NO : PO, 

nr O "Pp and "Noe are similar triangles) 

PH* : PN» : : NO : OP, 
thenPN«-PH« = HN» 
andPO-NO = NP, 
therefore HN* : PN* : : NP : PO, 

PN^ 
and finally, PO = g^. 

Then put FP=HC = FN = p; HN = /o-^r; 
then as FF-FH« = PH» = /o«-^'^ 

PN» = PH» + HN« = (p»-;5») + (p«-2p^+^) 

PN c= VYpip^z) 
Therefore P0==^^^/^^:/)>' 

^ l{2p(p^z)r 



and finally, PO = 2^2 J '-^. 
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screws which, heing attached to the ba^ks of the 
caBes, afford the means of adjiiBtiDg them to thd 



In order to teet the aociLCOcy of the workmansbip of 
■OTB, recouraa must again be had, as in the case of the li 
, pacabolio mirrorfi, to the formula of conjugate foci, in 
, ahaJl call R = the radius of corvature of the 
59); a= the diatanoe of a light, /, wMch is arbitrarily 
in iront of the mirror ; and b = the diatanee of a inoveahlfl 
)a which the rays reflected from the mirror may conn 
a focus. We must find the distance h, at which, with 
[ diatanoe a, auch oonvergeoce should take place. 
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inclination) so that they may reflect objects on the ho- 
riion of the lighthouse to an observer's eye placed in 
the common focns of the system. 

At such times when the horizon cannot be seen, the 
mirror may be placed, by means of a clinometer, with a 
spirit-level set to the proper angle, which may be easily 
mechanically determined as follows : Draw a line from 



Pig. 60. 



/I 







the focus F through the point 0, where the centre of 
the mirror is to be, producing it beyond that point to a 
convenient distance at I ; through draw HOH, paral- 
lel to the horizon FH ; bisect lOH by MOM, which co- 
incides with a tangent to the mirror at its centre ; 
and MOH is the angle required to be laid off, or its 
complement. 



F 
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Having once contemplated the pMsibility of illuffli 
Bating Lighthousea by dioptric means, Fresnel quiek^ 
percoiveJ tho advantage of employing for fixed lighta % 
lamp placed in the centre of a polygonal hoop, consisfr 
iug of a scries of refractors, infinitely Bmali in thdf 
length and having their axea in planes parallel to ^ 
horizon. Such a continuation of vertical Bedaona, \ 
refracting the rays proceeding from the focus, onlyil 
the vertical direction, must distribute a zone of li^ 
equally brilliant in every point of the horizon. Thfi 
effect will be easily understood, by consideriiig til 
middle vertical section of one of the great annnlu 
lenses, already described, abstractly from its relatisD 
to the rest of the inatrumont. It will readily he pec 
oeired that this section posseases the property of 
refracting the rays in one plane coincident with 
Ihw, of Ike section, and in a direction parallel to the ho- 
rizon, and cannot collect the rays from either side of 
the vertical line ; and if this section, by its revolution 
about a vertical axis, becomes the generating line at 
the enveloping hoop above noticed, such a hoop will of 
course possess the property of refracting an equally dif- 
fused zone of light round the horizon. The difficulty, 
however, of forming tliia apparatus appeared so great 
that Fresnel determined to substitute for it a verticiJ 
polygon, composed of what have been improperly calloi 
cylindnc lenses, but which in reality are mixtilinett 
prisms placed horizontally, and distributing the ligit 
which they receive from the foeua nearly equally ov« 
tho horizontal sectOT which they subtend. This poly- 
gon has a s^^^^B^nber of sides to enable ittogiv^ 



ontal sectOT which 
L s^^^^B^nber 
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' at the angle formed by the junction of two of them, a 
light not very much inferior to what is produced in the 
centre of one of the sides ; and the upper and lower 
courses of curved mirrors are always so placed as partly 
to make up for the deficiency of the light at the angles. 
The effect sought for in a fixed light is thuB obtained in 
.» much more perfect manner, than by any conceivable 
combination of the paraboloidal mirrors. 

An ingenious modification of the fixed apparatus is 
also due to the inventive mind of Fresnel, who con- 
ceived the idea of placing one apparatus of this kind in 
front of another, with the axes of the cylindric pieces 
croBsing each other at right angles. Aa those cylindric 
pieces have the property of refracting all the rays which 
they receive from the focus, in a direction perpendicular 
to the mixtilinear section which generates them, it is 
obvious that if two refracting media of this sort be ar- 
ranged as above described, their joint action will unite 
the rays which come from their common focus into a 
l)eam, whose sectional area is equal to the overlapped 
surface of the two instruments, and that they will thus 
produce, although in a disadvantageous manner, the 
effect of a lens. It was by availing himself of this pro- 
perty of crossed prisms, that Fresnel invented the dis- 
tinction for lights which he calls a fixed light ramd 

. by fiasktsi in which the flaahea are caused by the re- 
Tolution of cylindric refractors with vertical axes ranged 
round the outside of the fixed light apparatus already 
described, 

Having been directed by the Commissioners «i tfea 
Northern Lightboasea to convert the tx.ft»i. ti^'us^'^iXV 




cli^t of ti» 

t alionld be i 

. tk %di far dv wfatedng p&n -^ (hft 

c tf • Mm xniK cytindnc insic ad of [wlj- 

mt lh» o^ '<•» anmefBllj cnmi-ldfd }ij 

b or y Mill in Ar vor 1836. Thft 

p^Aryt^^B fine in OwnDiinariU 
aSHa^mditanrAait of Ae» 
1 onde. idnA aaowoDB >n anoqnal dislaib 
«f E^ Wtnveii nEanitevid the eenov uf cwfa of il> 
■idtt ; wui (bi» find) em taij W faQy renedifd bjr ood' 
■Iractatg a cgrlmdnc Iwlt. -mbime eeneruiiig line is t^ 
auddle f-i^^f""— Motim of «b i — far lens, reTidnig 
khoot A tw iia i wof iwing ihiwig^ its [sincipal fooU 
Tllil H. IB tustt 4* «Dly form «4u(di cmn poBtdbij prti> 
duce an €«}B»! diftisi'n. 'if the incident Ii^ht over everj 

I at first imagined thai ibe whole hoop of refractors 
iiiij^iu be baih fiiem««:-Q ivo met&llic rings, connecliiig 
tliuiu to each other solely bj the meanB employed in 
leiuuuting the pieces of the annulaj- lenses ; but a little 
c'uufiiiloratiuu convinced me that this construction woold 
iJiukc it iiocussary to build the zone at the lighthoose' 
usolf, and would thua greatly increase the risk of frac- 
ture. [ waa therefore reluctantly induced to divide the 
wliulv fyliuJer into ten arcs, each of which being set in 
■i lui'Uillic IViimti, might be capable of being moved sepa- 
liHi-'lv. The chance also of any error in the figure of the 
Mistruuit'ut haa thusi ti probability of being confined within 
iiiiiTt'«iT limits; whilst th»rwtification of any defectire 
>iai'i bt'couii-s at the s»ine tiia« nuMi^^^^ One other 
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fmsi the mode of construction at first cotitem- 
for the Isle of ilay refractors, was forced upon 
by the repeated failures which occurred in attempt- 
to form the mid<Ile zone in one piece ; and it was at 
found necessary to divide this bolt by a line pass- 
Jiig liirciagh the horizontal plane of the focus. Such a 
li^TiaioTt of the central zone, however, was not attended 
with any appreciable loss of light, as the entire coinci- 
of the junction of the two pieces with the horizon- 
hi plane of the focus, confines the interception of the 
S^t to the fine joint at which they are cemented. 
With the exception of those trifling changes, the idea 
,M first entertained of the construction of the instrument 
HM fnlly realised, at the very first attempt, in the manu- 
fKtory of Messrs Cookson. At a subsequent period the 
central zones were formed in one piece ; and 1 also greatly 
improved the arrangement of the apparatus, by giving 
to the metallic frames which contain the prisms, a 
i Aomboidal,* instead of a rectangular form. The junc- 
liDn of the frames being thus inclined from the perpen- 
dicular, do not in any azimuth intercept the light 
tWnghoitt the whole height of the refracting belt, but 
tbe interception is confined to a small rhomboidal space, 
•hose area is inversely proportional to the sine of the 
ingle of inclination ; and when the helical joints are 
.femud between the opposite angles of the rectangular 



' The form is not exactly rhoinboidiil, but is a portion of « 
ttl helix intercepted between tno planes, cutting fbe enveloped 
ir at right angles to its axis. 



■at right ai 
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frftmes, the amount of iiit«-eept«d light becomee abso- 
lutely equal In ererj azimuth.* 

Such an apparatus is shewn in Plate Vli. : and th« 

accompanying diagram (fig. 61) shews wi elevadm 

ABCD, a section BD, and a plan ABB, of a single 

Fig. 6t. 




panel of this improyed eompouud belt. AC and BD 
are the diagonal joints above described. Time and pet- i 



* See my Report o. 
8th Ootober 1836. 



the Refractora of the Isle of Ma? Light, 1 



DIOPTRIC SYSTEM OF LIGHTS. 47 

Beverance, and the patience and skill of Monsieur 
[Tran^oiB Soleil, whom I urged to undertake the task, 
lirere at length crowned with BUccesa; and I had the 
I latiafaction at last of seeing a fixed-light apparatus, 
' of a truly cylindrie form, with its central belt in one 
,|nece, and the joints of each panel inclined to the hori- 
mm at such an angle as to render the light perfectly 
equal in every azimuth. 

The loss of light by reflection at the surface of the 
tDDBt perfect mirrors, and the perishable nature of the 
■ial composing their polish, induced me, so far back 
in a Report on the Light of Inchkeith, which 
been altered to the dioptric system, to propose 
tfcatitution of totally rejleciiiuj prisms, even in 
of the first order or largest dimensions. In this 
I was much encouraged by the singular libe- 
if M, Lienor Fresnel, to whose friendship (as I 
m, with much pleasure, acknowledged) I owe 
I know of dioptric lighthouses. He not only 
communicated to me the method pursued by hia 
ihed brother Augustin Fresnel, in determining 
of the zones of the small apparatus, introduced 
him into the Harbour Lights of France, and his own 
bode of rigorously solving some of the preliminary 
itioDB involved in the computations ; but put me in 
iession of various important suggestions, which aub- 
itially embrace the whole subject. The Table (at 
Ige 66), contains the result of my calculations of the 
bFms of the zones of the first order, which are verifiea- 
18 of those of M. Fresnel ; and the first c&tadioptric 
(iparatus ever constructed, through the ardour and per- 
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aevpraiice of M. Francois Soleil, on eo magnificeat 
scale, wan fitted up in the Skerrjvorc Lighthouse. Q 
the '2'M December 1843, M. Freenel Bnnoanced, im 
letter to me, the complete success which had attended; 
trial of tlie apparatus at the Royal Observatory of Pan% 
whereby it appeared that the illuminatiDg effect of 
cHpola of zones, was to that of the ^even upper tiera s| 
mirrors nf the first order, us 1-11) to 87. Nothing csn 
more beautiful than an entire apparatus for a fixed li^ 
of the first order, such as that shewn in Plate MI. D 
consists of a central belt of refractors, forming a hoJloi 
cylinder (1 feet in diameter, and 30 inches high ; heloi 
it are eix triangular rings of glass, ranged in a cyHii' 
drical form, and above a crown of thirteen rings of gluit 
formiDg by their union a hollow cage, eompoeed 4 
polished glass, 10 feet high and 6 feet in diameter! I 
know 110 work ni' art more beautiful or more credit-abli' i 
to the boldness, intelligence, and aeal of tlie artist. 

1 must now endeavour to trace the various stops bj 
which the elements of the zones given in the Tables (at 
page (i(i) have been determined ; and this, I fear, I can- 
not do without considerable prolixity of detail. Refer- 
ring to Plates VI.. VII., and VIII., in which F shews the 
flame. RR. the refractors, and MRM and MRM, the 
spaces through which the light would escape uselessly 
ibour and beloiv the lens, but for the corrective action 
of the mirrors MM, which project the rays falling on 
them to the horizon, I have to observe that a similar 
effect is obtained, but in a more perfect manner, by 
means of the zones ABC and A^BjC, [fig. 62, on page 
49), whose action on the divergent rays of the lamp 



/*X 
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auses the rays FC, FB and FCj, FB, to emerge Uorizon- 

ally, by refracting them at the inner surfaces BC, 
3(C,, reflecting them at AB, AjBj, and a second time 
refracting them at AC, AjC,. 

The problem proposed is, therefore, the determination 
of the elements and position of a triangle ABC, which. 




^ita rerolntion about a vertical axis, passing through 
I tag focuB of a system of annular lenses or refractors in 
' '. woald generate a ring or zone capable of transmitting 
IB an horizontal direction by means of tot^l reflection, 
ttie light incident upon its inner side BC from a lamp 
pUced in the point F. The conditions of the question 
*re based upon the well-known, laws of total re/kction. 
Wd require that all the rays coming from the focus F 
«Wl be BO refracted at entering the surface BC, as to 
lleet the side BA at such an angle, that instead of pass- 
itig out they shall be totally reflected from it, and pass- 
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ing onwards to tlie aide CA sha!!, after a second reft 
at that sui'face, final); emerge from the zone in anli 
zontal direction. For the solution of thia prolleiB, 
have given the positions of F the focua, of the apei 
of the generating triangle of the zone, the length of 
side EC or CA, and the refractive index of the ^ 
The form of the zone must then be such as to fulfil 
folio wing conditions : — 

1. The extreme ray FB must suffer refractioit : 
reBcction at B, and pass to C, where heing a secondti 
refracted, it must follow the horinonal direction OS. 

2. The other extreme ray FC must be refracied 
C and passing to A, must at the point be reflected. 
a second time refracted, so as to follow the horiz( 
course AG (aee fig. 63, page 52). 

These two propositions involve other two in the 
of corollaries. 

1. That every intermediate ray proceeding from 
and falling upon BC in any point E, between B 
C, must, after refraction at the surface BG in E 
the direction EW, be so reflected at W from AB 
the direction "WI, that being parallel to BC, it b 
after a second refraction in I, at the surface AC, em 
horizontally in the line IK. 

And, 2. That the paths of the two extreme raya ] 
therefore trace the position of the generating 
the zone. 

To these considerations it may be added, that ■ 
angles BCH and FCA are each of them solely d 
the refraction at C, aa their common cause, the/ 
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equal to each other, and BCA being common to 
•h the remaming angle ACH=the remaining angle 



We naturally begin by the consideration of the low- 
'pst ray FC, whose path being traced gives the direction 
trf the two refracting sides BC and AC, leaving only 
the direction of the reflecting side BA to be determined, 
I shall not now explain the reason for neglecting en- 
iarely the consideration of the reflecting side at present, 
AB I could not do so without anticipating what must he 
inore fully discussed in the sequel ; but I may content 
^ayself with stating that as the positions of BC and AC 
idepend upon the direction of the incident ray FC, and 
Job the refractive indes of the glass, this part of the in- 
IVestigation may bo carried on apart from any inter- 
fwence with the reflecting side. 

Aa we know the relation existing between the angles 
of incidence and refraction, we might determine the re- 
lative positions of the sides AC and BC, by means of 
successive corrections obtained by protraction, tracing 
'the paths of the rays from the horizontal directions 
backwards through the zones to the focus. This me- 
thod, however, depends entirely upon accurate protrac- 
tion, and is therefore unsatisfactory as a final determi- 
nation, or if employed for any other purpose than that 
''of affording a rough approximation to the value of the 
angle, a knowledge of which may occasionally save 
tronble in the employment of more exact means of de- 
termination. A little practice, however, enables onewith- 

t such aid to make a first gueaa very ueai t\ift \-w^. 



feW^Bch i 
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.Beferrmg to fig. 63, which shews the ^rit and 

Pig. 63. 




zones of the upper series, we have 

FT 

taiiLCF=7, 
and if we make 



CL' 
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the interdependence of the yarions angles about C. 
These primary equations are : 

sin ^=in . sin y 

and 

♦ 7=2^-0 (making 2a-90"=0) 

Eliminating 7 between these two equations, we ob- 
tain: 

sin ^=m . sin (2 ^— 6) 

an expression, which, after various transformations of 
circular functions, assumes the form 



* The truth of the first of these equations (sin ^ = m . sin 7) 
which merely expresses the ratio of the sines of the angles of inci- 
dence and refraction is obvious ; but owing to the great number of 
amall angles about C, a little consideration may be required to en- 
able one to peroeive the truth of the second. I therefore subjoin 
the steps by which I reached it. It is obvious (see fig. 63), that as 
ACH and BCF are equal, the line SO bisecting HGF must bisect 
ACB. But the production of AC clearly gives SCD opposite 
Mid equal to ACW and SCD is by construction = (a - f + 7) 
= (a+7 — ^), and, therefore, ACB, which is twice ACW or 
8CD= {2a-\-2y-'2 ^, Now, by construction OC is a normal 
to the refracting surface CB and its production C g gives AC g = y* 
But7 = ACB-^CB=(2a + 27-2|)-5rCB = (2a + 27-2|) 
-90°, hence 

7 = {2a+27-2|}-90°, 

and 7 — 27= — 7= -^2 ^ + (2 a — 90°) by transposition, and 
finally changing signs, we have, as above, 

7 = 2|-(2a-90°) 
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+ n — sin ^ ■ ain^+jsin' 0=0* 



* This expreision is equivalent to that of M. Fresnel, fcl 
owing to a aimplification in the fractional coefDcienfa, it is 
literally the same. I was led io it by the following steps, A 
ing from the original equation Bin ^ = m sin (2 f — 6). 



"I— 


.m(2f- 


8) 










= m 


{.inSf. 


».«- 


c..2f.i 


n9} 






= m 


ee.e..in 


2e- 


m sin . 


..2{ 






= m 


co.9.2. 


mf. 


eo,|-„ 


ine.{l 


-2 sin 


f) 


= 2 


ieo.8.. 


»{■ 


^■{-™ 


me + 2» 


sine 


d..J 


Therefore, 












msi 


«+.!..{ 


-2m 


sin d . Bin 


{.s™. 


<me. 


inf.. 


Then: 














m 


Bin* 8 + ^ 


rasil 


e.-inf 


- 4 m' am 


B.in- 


£ 




DIOPTRIC SYSTEM OF LIGHT8. 55 

tolntioD of this equation, which is of the fourth de- 
lewhat tediou9 ; but as the root, which will 
(r the optical conditions of the question, must be 
ine of an angle, and necessarily lies between zero 
munity ; and as the protraction, if conducted with 
(are in the manner already described, affords the 
g of at once assuming a probable value of ^ not 
I distant from the tnith, the labour of the calcu- 
bi in this particular case, is not quite so great as 
be expected. But notwithstanding all the 
Bgments of which the particular case admits, con- 
fabJe trouble is involved, and a corresponding risk 
ror incurred, in merely introducing the nomerical 
1 into the equation preparatory to its solntion ; 
my other method requiring a less amount of arith- 
E labour is, of course, to be preferred. In prac- 
1 therefore made use of the following method of 
aimating to the root of the equation, which was 
ssted to me by a friend. 
I the equation sin ^— m. sin (2^—6) = (see page 
) regarded as an expression for the error, when 
e value of ^ which would satisfy the equation has 
1 introduced into its first member, we may consider 
r in the value of ^ as expressed by the equa- 

sin ^— m . sin (2 ^— 6) = e 
tad differentiating this e 



d f =cos ^ . d f- 2 m COB (2 ^- 0) . d ^ 

= [eoH^-2meoB(2f-0)} .d£ 
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[ Then dividing by the differential coefficient we obtffl' 

^ co8^- 2 m cos (2^-0) 

hit when ^ becomoa f + (i^, f will also become e+d 

but € + de = 

therefore d e= — € 

hence by aubstitntion we have 

** f =cos f -2 m cos (2 ^-'W) 
_ _jEinf-msin(2g-a)} 
- coB^-2nicoB(2|-0) 

-am^-hntadn(2^-e) 

'*^-coa^-2mcos(2f-fl) 

■ substituting, therefore, in this last equation 

1 values of m and d, and the aasumed valne 

It correction is obtained, which being applied to f 

ifae same process repeated, new corrections may be ft 

mtil the value of ti ^ falls within the limits of el 

[icliich may be considered safe in the particular casev 

jed hardly say, that where so great a body of 

mployed as in the lights of the first order, these 1 

! soon passed, more especially as one acquires 

little experience the means of guessing a value of. 

sry far from the truth. It is this method I have 

■doyed in calculating the Tables of the zones (g^vi 

in which I have on all occasions, though, 

with needless exactness, pushed my angular il 

seconde. 

Haying in this manner determined the angle 1 
fee obtuse angle BCA ot t^e ^eae\«.'C\a^\.YVttjB^i 
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Hpe is easily and directly deduced by the following ex- 
Hffession, which results from the obvious relations eiiat- 
Sng among the known angles about C ; and we have (see 
63, p. 52). 

BCA= 90° + 7=90'' + 2^-a. 
We next proceed to consider the form of BA, the re- 
ijUcting side of the zone, which is a point of the greatest 
msequence, as an error in the inclination of any part 
surface is doubled in the reanlting direction of the 
id rays. The conditions of the question require, 
lerery ray EW, after reflection at the surface AB, 
like WI, be parallel to the first ray, which is re- 
in the direction EC, and after a second refraction 
emerges horizontally in GH. But, let us trace 
■da the rays aa they emerge in their horizontal 
ions IK, and it is obvious that if BA be made a 
it line, then will every ray EW meet the first 
ig side BC at the same angle, and there auffer- 
le same refraction, they will go on parallel to each 
ler, and never meet in the focus F. This conver- 
jace to F, which ia a necessary condition of the pro- 
[jblem, may, however, be produced by a curvature of AB. 
loh that all the rays shall have a degree of conver- 
jence before falling on BC, sufEeient to cause them to be 
lally refracted, so as to meet in F. On this account, 
:lhey will occupy less apace in passing through BC, than 
Uiey did in passing through AC ; and thus BC will be 
tUorter than AC by aome quantity which shall ^ve to 
ihat part of AB which ia at B the amount of downward 
UclinatioD required for causing the ray BF fiuaiV^ W 
OBverge to F: and the line joining B ani K ta.M.^t'Xsft *■ 




sac STSTEX dF UCBTS. 

«f iAm^ haa ia teagent mclised n 



hia enrvo, is therefore tbe neit 
Tb« tUrectioa of the first tangent 
AZ dtpaali ^^ tc*j ftrnple coiuideratioiis ; and aK 
ttftt ia aMowy to bs done is lo ii%w a line AU (%. 
M), lanOal to BC (wlueh is the parallel to the direo^ 




1 1,111 r.f tlio rtllected rays), and forming an angle CAU 
« liiiii iti, ui ouurse, equal to the inclination of the ex 
I. [Villi' ny refracted hy CB at C, with the rajs reflecte" 
rrmii lh(i :irc whicli we have yet to trace. The line Aj 
UiNci'iiug ihin angle, must therefore be a normal to th 
iviloclitig surface at A, and AH drawn perpendicular! 
lA, ifi coiLsciitioutly a taagent ba^ffm&sctiag arc. 



it ^/ffm&ectii 
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We must next find the directioo of the second tan- 
gent Z h, which must be so inclined that the ray F h 
will, after refraction at (>, be reflected into the direction 
S C ; but as the rigorous determination of this is diffi- 
cult. I shall simply describe two approximations! sag- 
geatcd to me by M. Leonor Freanel. The first method 
18 based npon assuming the inctinatioa of the ray re- 
fracted at b t-a the ray refracted at C as equal to : 
fcFC 
m 
{in which expression, m is the refractive index of the 
gUee) ; a supposition which obviously difiere very little 
from the truth, as small arcs may be assumed as nearly 
(qual to their sines. Now, it wiU be recollected, that 
the rays refracted at C and 6, must be reflected at A and 
i, in a direction parallel to C 6, and therefore the incH- 
aition of the reflecting surfaces, or that which should 
le formed by the tangents ZA and Z b, being half that 
I of the incident rays, is, according to the assumption, 



eqnal to 



6FC 



which may be expressed by J 6 FC, m 



being equal to 1-51. But as the inclination of the two 
ladii AX and BX is equal to the inclination of the tan- 
gents of the reflecting surfaces to which they are nor- 
, osIb, we obtain for the excess B /3 of the secant of the 
j'ftBeoting arc over its radius the following expression : 
! B/3 = i AB.t£^niBFC.• 



*,following steps will ahew the mode of obtaining this ei 
»^ 65, on following ■^a%^)Y 'ri.\a\»% 
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The value of B ^ or B 6 gives, of conrse, the directiomJ 
the second tangent T, b (which must be eqtia,! in length lo 



cident on the surfaoe EC verj near & or B (nhieb, althougb ei- 
aggerated in the figure for more eaaj reference, are clow tt- 
gether), and let this ray Fn. be refracted in the direclioanO, 
and draw nn' parallel to CA, the ray which ia refraoled ilC. 
then will n' n = m . 6 FC = ^ b FC. But the tangent AZ sttmU 
make with the tangent b Z an angle equal ^ b FC, or one-half 'it 
inclination of the rays refracted at b and C, wliich &re af^rwank 
bj the agency of those tangents, to be reflected in the diiwlu* 
parallel to bC and to each other. Hence we have AXb (iriud 
is the inclination of the normals to those tangents), 



r AXfc 



BZb = 



■FC bFC 






But potting AXB (fig. 64, p. 58) for AX b, and BFCforbK 
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I, whence we easily deduce the chord of the reflect- 
I side A b. 
!he second mode proposed by M. Fresnel, and that 
ioh I found most convenient in practice, consists 
tting successive hypotheses as to the length of the side 
L and tracing the path of the incident ray FB, which 
g refracted at B, so as to make with the normal BK 
n the following page), an angle =KEY=y', 
Old finally reflected in the direction BC, must make the 
angle YBZ = MBC. In the same figure MBZ is a tangent 
the reflecting surface at B, and KBF is the angle of 



■•iqtposition which mAj be lafelj made when the diSerencee k 
10 Bmall), and foniLding upon the analogy 

AX : AB : : R : tan AXB, we hiTe BA = AX . tan AXB 

= AX . tan^ BFC. Then 
AB' = B^ (B,3 -i- 2 AX} = B;3= + 2 By3 . AX 
I Knd neglecting Bf?, which is very small, we bare : 
BA' = B/3 . 2 AX nearly. 

hence Bff = ■ 
But as above AS = - 



Q^BFC 

(lid aubBtitutiiig this value of AX we obtain ; 
BA^ 



tan J BFC 
in the tert, 
B8=i BA . tan % BYC 
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incidence of the ray BF before ita refraction at K H 

Fig. 66. 




WMB STLS 
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we have the right angle NBZ made up 
of /n + j/' + NBK. But NBK clearly eqoala /i, because 
it is the inclination of tho normals to EC and BZ, and 
hence y + 2/i=90''. This, therefore, forms a crucial 
test for the length of EC. I may only remark, that we 
already know the numerical value of y ; and that of fj. 
ia easily found, for /i=CBA + ABM=CBA + BAM= 
CBA + (MAC - BAG) = CBA + i (180°- v) ~ BAG. 
Thus knowing fx and j/", we have only to see whether 
(y_2/i)-90°=0 
We have now to find the length of the radius AX 
or 5 X (see fig. 64, p. 58), which will describe the 
reflecting surface or arc AZ 6, and to determine tho po- 
sition of its centre X. We already know the values of 
\jf and y, the angles of refraction of G and h, and their 
difference 3/— i/' givea us tho inclination of the rays 
which are to he reflected (into directions parallel to C 6) 
' at h and at A. This quantity is, of course, double the 
inclination of tangents to the reflecting surface AZ and 
b Zi, and of their normals AX and b X. Again, we have 
the chord line 

► AC^nACft 

■^*- sinfcCA ' 

.and, as above, AX6=:i(i/— 1/") = ^ 

And 

.„ .„ A6.Bini(18O°-0) ,,, ,, 

; AX=& X=p = -r-^ 7 ^-^ =i A6 . coaec i d). 

•^ sin p ^ ^ 

i And, lastly, for the co-ordinates lo X, ftie fteaHxe sB 
onrvature for the reflecting arc, ^e 'ha^e 
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OX=p . sin OAX 
uid OA=p . cos . OAX.* 

Tbtr jiiidrioni of ihe apiM'S A and B of the angles rf 
thf zones aT« al->o easilr found in reference to tbo focu, 
aLd are gixt-n in the Tables (page 66). In Gg. 67 




nBthe: 



DIOPTRIC SYSTEM OF LIGHTS, 65 



E the horizon. Hence we have AH=AG . sin ACH; 
HC=AC . C03 ACH; BK = BC . ain BCK ; and CK = 
BC . cos BCK. 

In the proceas of grinding the zones, it is found con- 
venient for the workman to give a curved form to the 
refracting aides BC and AC, the one being made convex 
and the other concave, so that both being ground to the 
. same radius, the convergence of the raya produced by 
B first shall be neutralized by the divergence caused 
Ethe second. By this arrangement we have three 
pts given in space from which, with given radii, to de- 
e a curvilinear triangle whose revolution round the 
[eal axis of the system generates the zone required. 
Jiates to those two centres of curvature for the 
hces AC and BC were determined in reference to 
s A of each zone, and will be found in the Tables 
e 66). The mode of finding those co-ordinates is, 
iPse, similar to that already given ; and, the radii 
g assumed at 4000 millimetres, the co-ordinates are 
stively proportional to the sine and cosine of the 
bation of the radius at A to the vertical line, which 
lation depends upon the relations of known angles 
bid A and C. 

Bie section ABC (fig. 68, p. 67) of the first zone be- 
f thus determined, we proceed by fixing the point Cj 
of the second zone, which is at the intersection of the 
horizon GACj with the ray FBCj passing through B. 
This arrangement prevents any loss of light between 
the adjacent zones, The calculation of the elements of 
tke second and of every following zone, is precisely e,v- 
tiiilar to that for the first. 
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TABLES of the Elff>u«t» of Catadu^trie Zotim mitedfm- i^tttfl 


tha First Order in the System of Augustin Framd. 1 




Table I. 1 








d 


f 


BCA, [ ABC, 


wc 










InOdoKe of 


Obtnw Anf U of 1 Anslo af 


h<tki 














Guarf 






fone. 


V^il^V^ 




Triansle of the 


TrioiiKle of 


Tr^ 








DfCheS7>t«in. 




l^BI. 


2™o. 










[Rf.SS.) 


<5ig.«8.) 


CFig-se.) 


cr,B.w.) 


(!*■ 






1 


60 45 38 


4 06 09 


117 26 *0 


31 48 10 


»)tf 






2 


56 55 33 


41 28 10 


116 00 42 


32 32 01 


31 sr 




^ 


3 


53 05 38 


38 48 29 1114 31 20 


33 17 30 


32 11 




o 


4 


49 15 38 


36 07 09 II 112 58 iO 


34 04 36 


32 M 


lo 


5 


45 25 38 


33 24 19 


111 23 00 


34 S3 07 


33 « 


;i 


6 


41 35 38 


30 40 05 


109 44 32 


35 42 57 


34 9 


i| 


7 


37 45 38 


27 54 34 


103 03 30 


3S 34 01 


35 3' 


\< 


8 


3D 55 38 


25 07 52 


106 20 08 


37 26 11 


38 13 *l| 


B 
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Pig. 68. 
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"^^ 


tho Aeb of the Sjatcra cnt bv the horizontal pluie of tho foonj 
nnlnr LeniM. for iU ori(in. (Kb. SS.) 


A, 


A. 


By 


B. 


1 


I 

2 
3 

i 

: 

7 
B 
9 


593-369 
663-063 
734-313 

807-3S7 
882-445 
959-847 
1039-852 
1122-784 
1209'000 


986-260 

957-410 
926-908 
894-232 

858-858 
820-325 
778-108 
731-645 
680-322 


551-4&1 
617-423 
684-958 
754-267 
825-547 
899-011 
974-899 
1053-471 
1135-025 


831 -497 

808-832 
783-619 
755-451 
723-921 

688-608 
649-051 
604-730 
555-059 


525-000 
593-369 
663-063 
734-313: 

807-357 1 
882-445 
959-8471 

1039-852 
1122-784 ■ 


^ 
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Fig. 69. 
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Table III. 




Si' 


ReflfctLn' 
(Fig. TO.) 


Length of 
rnnrjr 

"ST 

(Fig. 70.) 


AC, 

sidB of 

{Pis. 70.) 


Inelinstian of tbi SiloE 
rutlngTrlaoglotoih^ 
of tUo Syatem. (Fia. 7 


'"M- 


Inclination 


1 


160-331 


92-379 


95-209 


74 51 19 


73 20 S"] 


2 


153-430 


90-249 


93-011 


73 55 27 


74 32 3t 


3 


151-651 


88-729 


91-434 70 59 39 


75 42 51 


4 


li8-580 


87-768 


90'424 69 03 53 


76 51 3] 


5 


146'W4: 


87-332 89'947 67 09 12 


77 58 41 


6 


145'087 


87-403 89'986 [65 12 36 


79 04 s; 


7 


144-481 


87-977 90-536 63 17 03 


SO 08 5t 


8 


144-609 


89-060 91-604 | 61 21 35 


81 12 H 


9 


145-476 


90-671 


93'209 


59 26 08 


82 14 2i 
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Fig. 70. 




Fig. 71. 
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Table rv. 





No. or 


RadiuiDf 


A6. Beemti 


KSm.fiKU(™nr 


ex). (Fi,.7i) 


- 






Verticil di»- 
tanMoroentM 










toMill™ 






oftheT-D 








ni«tr^XA 


Mlil'mSM^" 


nniiDrmeZsn 


lUdlilD 


« 




1 


87,W-19 


3194-76 


8466-88 


1° 02 59 


14 3^ 




2 


83S3-90 


3306-80 


7909-94 


1 04 45 


16 3^ 




3 


78S0-30 


3411-75 


7446-67 


1 06 22 


IB 3; 




i 


7527-08 


3514-22 


7056-39 


1 07 51 


20 2i 




5 


7275-23 


3617-56 


6730-66 


1 09 12 


22 i; 




6 


7082-17 


3723-81 


6459-63 


1 10 25 


24 1: 




7 


6944-09 


.1835-23 


6234-93 


1 11 31 


26 0; 




8 


6857*03 


3954-67 


6052-36 


1 12 30 


28 0: 




» 


6817-87 


4081-70 


5902-53 


1 13 20 


29 5 
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Fig. 72. 



A ^. 
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Table VI. 



bCt Inner Refracting Snrfaces (convex). 


A, 

Distance 

of C from 

the Focus 

for the 

Zones, in 

MilU- 

mdtres 

= FC. 


ladins of 
orratare 
in Milli- 
mdferes. 


Horizontal dis- 
tance of centre 

of cnryature 

from the axifl of 

the Sjstem in 

Millimdtres. 


Vertical dis- 
tance of centre 

of curvature 
btlow the outer 
arris of the Zone 

at A in MilU- 
mdtres. 


Inclination 

oftheRadU 

inCandb. 


Inclination of 

the Outer 

Radius in C to 

the Vertex. 


tOOO-00 


2021-19 


3777-07 


o / « 

1 19 24 


o / » 

15 58 47 


1054-34 


• • • 


1918-37 


3797-40 


1 17 34 


14 48 41 


1069-02 


• • • 


1813-60 


3815-77 


1 16 16 


13 39 01 


1087-52 


• • • 


1707-55 


3831-95 


1 15 26 


12 30 46 


1109-85 


• • a 


1599-72 


384604 


1 15 04 


11 23 47 


1136-14 


• • • 


1489-62 


3858-14 


1 15 08 


10 17 59 


1166-57 


• •• 


1376-71 


3868-30 


1 15 36 


9 13 16 


1201-46 


• •• 


1260-38 


3876-59 


1 16 32 


8 09 30 


1241-16 


• • • 


1139-94 


388303 


1 17 56 


7 06 33 


128615 


• • • 


1014-67 


3887-66 


1 19 48 


6 04 19 


1336-99 


• • • 


884-95 


3893-00 


1 19 56 


5 03 46 


1394-36 


• • • 


752-78 


3897-32 


1 19 56 


4 05 38 


1457-22 


• • • 


618-37 


3901-10 


1 19 56 


3 10 00 


1525-43 


4000-00 


2002-52 
1918-55 


3781-91 
3801-51 


o / u 

1 19 04 
1 19 04 


15 42 08 
14 27 22 






. • • 






1836-22 
1756-33 


3818-93 
3834-20 


1 19 04 
1 19 04 


13 14 29 
12 04 07 




• • . 




• • • 






1679-85 

• 


3847-38 


1 19 04 


10 57 02 




• • • 




... 


1607-39 

i 


3858-56 


1 19 04 


9 53 43 

\ 


\ 
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-Tho SIk cu-onlinaics of tlie Generating Xtiuiglefl 
Kb Zone in tbe foregoing Tables liare the Focus of the Pi 

a of the Syateiu for their origin ; it being considendlt 
■Bvenient, in executing the necessary protractions, prepa 
« construction of the grinding apparatus, a1 
Brhole of tbe grinding aachiner)' to the axis of the t] 

■eyent the appearance of any i neons isteaoy, howe^ei 
* to mention, that the radiant points of the series ol 
I exactly coincide with the Fouiia of the Lcnsk'- .' 
h other ; and that to avoid the parallax which the <.ll-r 
e radiant points from the origin uf the co-ordinates wuul 
iake oome corrections upon tbe Ui 
find the lino correspondiiig to the angli 
Kud tbe distan(?e A. In the Hjperpyral series, which !itaiidi4| 
tbe flame, the Zones have the radiant point 10 miUimetTO a| 
the Focus of the Lenses, and each y of this sei 
requires to bo reduced by that amount : while the x reouj 
changed. In the HypopyroL series, which stands tub 
llame. the Focus or radiant points of earh Zone, varies it 
in tbe flame, niuving upwards us tbe Zone is lower, m til 
line joining the Zones and the Foci revolves t 
round a point between tbein. In this way, the te't d 
tered ; but the y'e will be lengthened successively b 
of XO, 14, 19. 2S, 32, and 40 millimetres. As th* 
tain the iliuioiisions of Zones which are Intended as a^i 
to tbe apgiaratiis of Frestiel. I have adopted tbe melrir 
as to render tbem at once applicable to the existing prutmi't^l 
of that system. It is only necessary to add, that tbe craven 
of iniUimetres into iiuperial uiches is easily efiectd by ti 
the log. niilliinetres to the log. 2'59516, the sum being ti 
of the eqnivalont of tbe first term in imperial inches. 
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The process of grinding the zones, which I shall here 
, lofice, is that which is followed by M. Theodoi'e Le- 
■toumeau, who now manufacturcB the apparatus for the 

1 Northern Lights Board, in the room of M. Francois 
Saieil, who is engaged at St Petersburg in the same 
Ifork. For this account, the reader is indebted chiefly 
'i> notes which were furnished to me by M. Letoumeau 
Minaelf. 

The glass used in all the parts of the optical appara- 
tus of the Dioptric LighthouBcs is that of St Gobain, 
those index of refraction, as already noticed, ia 1'51. 

A8 well on account of the difficulty experienced in 
{inducing at all times regular castings of glass from the 
inoulda, as in order to compensate for the frequent ac- 
tidents, which occur in the first application of the nib- 
hwB to the inequalities of the surface of the glass, the 
WBtings, whether for rings of lenses or prisms, are made 
froffl moulds, exceeding the intended size of the finiBhed 
|Uecea by one-eighth part. 

We shall take as an example, which is well calcu- 
Uted to illustrate the difficulties of the grinding pro- 
eesB, one of the prismatic rings of a Catadioptric Light 
of the first order. The first operation will be, to take 
off the rough arris at the angles of the pieces as they 
Bome from the moulds, and to reduce to equality the 
length of each of the four quadrantal prisms or aeg- 
nents by removing from each the quantity that may 
le necessary to make those four pieces, when placed on 
k oirele, exactly equal to that of the finished zones. 
Sach of them must have an excess of material at the ^^ 

k surfaces just sufficient to iuBMiQ W^ fc^iXiCft ^^s^^^H 
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the two surfaces to be first ground, which are the (con- 
eaye and convex) refracting faces of the zone (the gido 
AC and EC in fig. 68, p. 67). 

The pieces must be placed end to end on the hori- 
zontal plane or table of the lathe at A A (fig. 73), uj 




^ 
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exterior concave refracting surface AC ia measured, am 
#AC the direction of the arc swept by the grinding sur 
face. Conversely, n' is the origin of the horizontal c 
ordinate for the grinding centre of the interior con 
vtm refracting surface BC, and e CB the direction of the 
arc swept by its grinding surface.* Some skill is rw 
quired in fixing the prism on the belt, for, on the o 
tand, there is an obstacle to correct workmanship fran( 
the dragging motion of the platform, and on the otheE 
iy the unequal subdivision of the weight of the glas^ 
which should be nearly balanced. The narrow plane, i 
ready noticed, being perfectly adjusted for all the seg 
Dents so as to bed them quite level, the circular iron 1: 
on which the ring should be ground, is placed on its plat 
form, in the manner represented in the fi.gure. It shoul 
be as truly levelled as possible, otherwise all the subai 
qnent operations will be deranged by it. This iron be! 
heated by means of heating pans ; and the degree ( 
I heat may be practically judged of by the ebulHtioi 
£ drops of water let fall on it. The segments of glaf 
3 at the same time placed in a stove heated wit] 
and are generally raised to about 120° centi 
The difference between the time required foi 
two operations of heating the iron belt and tlM 
segments is employed in laying or bedding a qnan 
of cement on the reflecting side of the segment, i 
J fill up the angular space between the glass ai 
iron belt, and also to serve as a seat for the seg 
it in the manner shewn in fig. 73. This operatiog 



• The vertical co-ordinates 
10 Isrel of A the outer arris of the 
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is performed on a plane surface, in order that the l( 
part of the mastic may be precisely on a level withi 
narrow plane already ground on the outer arris of tlw 
fleeting side. After being sure that the heat is eqtd 
spread over every part of the circular iron belt, the ■ 
ment is arranged on it ; and the workman must, at B 
juncture, exert all his skill in placing the parts of the se;^ 
ment in a position nearly concentric with the belt, t 
a truly circular form, making due allowance, bowfi? 
for the inequalities existing at various parts of ' 
rough material, and at the same time taking care t 
there should be an interval of at least two millira 
(or about y'jth inch) between the ends of each of thel 
adjacent segments. Without this interval the 1 
evolved during the polishing would either dilate I 
glass so much as to cause the ends of the i 
fly into splinters, or make it needful to remove the B 
before this should take place, the inevitable conseqoHl 
of which would be the fracture of the pieces. Thotti 
tervals between the segments are filled with etatni 
plaster, which must he carefully washed and brasbe 
each change of the emery employed in grinding. 

The exterior diameter of the circular iron belt n 
be precisely equal to that of the ring, because, if lar 
the free movement of the rubbers to and fro on 
concave refracting surface AC (fig. 73) could not til 
place. 

By what is already said, it will be obvious that ' 

grinding process ie begun at the refracting sides i 

and BC, and a few words will shew that this 

hardly be otherwise. W a cci\timea»;em«iA>ft, tm^ 

the reflecting side, -wViic^i a^^Ma ^'i, feeH. «w| 



DIOFTEIC STaTOf OF UGHT5. 



SI 



nttiml. the consequence i? obrioo^. Haring provided 
for an excess of maseriAl in ererr direction, the ser- 
ment must conaeiinendv he larger than it wUl be when 
finished ; and the surfaces therefore cannot he tme and 
perfect, except they he ground throaghom their entire 
a^ental section, from their centres of curvature, in 
reference to some given apex of the generating triangle. 
Now, if the reflecting side were finished first, it might 
eontinue to possess this excess of size after being 
finished, and would, therefore, afibrd no accurate start- 
ing point for the grinding of the other surfaces : it 
would also present no surface or narrow plane for rest- 
ing firmly on the iron belt, but would then depend 
merely on its own finished plane, which, being curved 



Fig. 74. 
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and GOBsiderabl; inclined, would not give a solid bear 
ing for the glass. The other mode of commencing witli 
the two refracting sidea, on the contrary, gives & wild 
bearing on the narrow plane already gi'ound on the ro- 
flecting side at A ; and after those surfaces have been 
groand, and the segments inverted (as shewn in fig. 74), 
the ooter edge of this narrow plane at the arris A. 
which baa been fully defined by the intersection of tint 
finished surface AC just ground, and also the apei tt 
C, which has been determined by the intersection ol 
AC and BC, combine to fix an accurate starting [xont 
for the rubber, in grinding the reflecting sur&« 
AB. 

Dressing off the rough part of the ring is the £ni 
step. This is generally done by means of fixed mi- 
bers, the adjustment of which ia more easily regulated 
than that of the moveable beam or radius of the ait, 
which is used to give the exact curvature of the surface. 
Those fixed rubbers are 150 millimetres (nearly 6 
inches) wide, by 200 millimetres (nearly S inches) long, 
and are of cast-iron. Three such rubbers are placed It 
equidistant points of the circle. Two cutters of a 
iron attached to arms placed vertically (as are also 
which carry the rubbers), and moving in groovMj 
diating towards the centre of the lathe, so as to 
of adjustment to suit the varying radii of the 
serve gradually to abrade the outer and inner ai 
the segments, so as to prevent the splintering to w! 
from becoming too sharp, those arrlsses, withont 
^precaution, would be liable. Those rubbers hn, 
Bdea. fixed by sterna toSia,uiea,\a.'(]tft^w 
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Hie circle, which allow of a change in the direction! 

^e planes, as occaaion may require. 

istead of the siliceous sand formerly used, the powdei 

Hnnded freeatoue is employed, as it Is found to vresi 

btools less, and to form a better preparation for the su1}- 

pieot grinding operations. It is easy to conceive th&t 

fa action of the fixed rubbers neceasarily produces rut» 

ties in the circular direction. The operatioo 

■iongh dressing, therefore, is not finiahed until, when 

e first rubbers are removed, the surfaces of the seg- 

inta have been subject, for the required time, to tha 

ton of moveable rubbers, attached to arms working ft 

i of curvature, in a plane at right angles to the hori- 

,1 movement of the lathe, which carries the zones. 

TAe emery grinding is the second step. The form o£ 

t segment should be nearly perfect, after the rough 

bding is finished. The lathe and the zone are than 

nected to an extremely careful washing. Every place 

»re the atone-powder might adhere is dusted. Th( 

i of curvature is verified afresh, agreeably to th( 

mrdinates in Tables IV,, V., and VI.; and emery ii 

I instead of powdered stone ; beginning with thfti 

led No. 1, which is drawn after suspension in a 

i minute. Brushes are used for spreading th( 

on the surface of the glass. The quantity ough; 

rays to he sufficient to prevent the direct contact ft 

\ cast-iron rubber with the glass. Splintering a 

latching, which cannot be easily effaced, may resul' 

a the neglect of this precaution. 

?tftctice alone, and an eye duly trained by (Lau^vc<sis£. 

terience, can determine the ■point o5 ftnvft aitVsii.^ 

h kind of emery must be dieoontinviei.. TV« t'fiv.e^^ 



f 
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of the work depends on circumstances very diffifl 
appreciate, such as the amount of the pressnre 
rubbers, or the degree of accuracy with which the 
of curvature baa been adjusted, during the rough 
Each kind of emery in auccoseion thus a 
the form of the zone and refines the grain of tl 
face of the glass ; and each change to a fresh 
requires the samo attention to cleanliness, so 
move every trace of the substance last used in grf 
.and thus to give each successive process its full an 
timate effect. The douci is the fifth and laet 1 
«mery which precedes the poliah. It is drawn oi 
ten minutes' suspension in water, and is extreme] 
Before applying it, the greatest care is necessary 
sure cleanliness, as a single grain of any of the [ 
ing kinds of emery might cause scratches, whi 
polish cannot remove. 

Nest follows the polish. The same considei 
which induce the workman most carefully to 
the lathe and everything connected with it, befo 
ploying the last emery called the lioMci, are stil 
urgent in the case of the final polish. The onlyi 
which is made at this last stage of the work is. 
place the first rubber by a new one, both lo&gt 
wider by about 50 millimetres (ncai'ly two Inchea 
its lower face is laid, with cement, a piece of 
pet, whose edges are fixed to the rubber by ml 
flat bands of iron, attached with screws. This a 
added to that given by the cement, is neceBsary 
te resist the great pressure it must sustain. A ja 
•aeation, whieli experieniie sAo&fe cmi. t«w^«^ 
I tbia stage, aa to tke -pTo^eT ftaife til 
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B operation of polishing, wliich, in the handa of oH' 

Iful persons, may be so inopportunely begun ; 

J make that work almost endless. Thus, the mere 

teiinkBtance of spreading at the beginning too thick 

RrwB of rouge, or using unanitable kinds of carpet,. 

|dd cut scratches in the glass, and thus perbc^ 

) it necessary to return to the use of the emerj 

led douci. Sometimes, also, if the carpeta be nol 

ihed at the very time of using them, scratches. an 

med by the dual which they may contain, Thi) 

i, that the use of rouge should be rather sparing 

I otherwise, at the commencement of the polish ; 

i that the carpet-cloths should be brushed and washed, 

Em. Letourneau says " twice rather than once." In 

\ cases, the quality of the carpet forms an importani 

lent in the success of the working. 

Ticn the polish is finished, the ring is detached fron 

B circular belt, simply by the tap of a hammer, on tht 

e of the circle. The division of the z 

llich are quarters of the circle) into eightJie, is don< 

Emeana of a sawing machine consisting of a flat copi 

p-wheel, one-half millimetre (-^ inch) in thieknesSt 

iRched to an arm with a counterpoise. This whee 

jcends and cuts the zone by means of emery, whici 

soatinually applied to it ; the direction of the cat it 

^al. The two halves of the none are detached froK 

1 other, as soon as their weight exceeds the resisfr 

B of the part which remains to be sawn. 

wtly comes the adjustment of the prisma in tht 

ines, an operation which is not without risk. M>\<!^ 

( required in handling the abai^ arriaafts o'^ "S 
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glasa. vhich are very aente snd delicate and at tlu- 
aam« time Uo in a curved direction, which makes tiem 
liable to be eplmti?red in the handa of unskilful persons. 

The piano vertical surfaces of the aanular lenses, and 
the central band and rings of the dioptric belts of fixed 
lights, ar« ground by meana of vertical rubbers with * 
reciprocating movement ; and all the plane surfacea an 
executed hy haud on a flat table. 

The cement for fixing the glass on the lathe is oom- 
posed of H parts Swedish pitch, and 1 part of wood 
ashes. The whole is heated in an iron pot until full; 
liquified and thoroughly mixed. The cement is use^ 
almost in a state of ebullition, so that it cannot be 
handled without the precaution of continually dipping 
the handa in oold water. j 

Thf cement used for the adjustment of the pieccB of 
gliis,-^ ivhicli trtucli cacli other consist of 12 parts white 
lead, I part minium or red lead, and 5 parts boiled lint- 
seed oil. The whole is pounded on an iron table bj 
means of a flat mullet, like that used ^-j -g 

by painters (hg. 75), whose grind- 
ing surface is a b, and c the knob 
for the hand. This cement is ap- 
plied liquid so as to offer no resist- 
ance to the close union of the pieces, 
which it is intended to unite. 

The cement for filling up voids, and fixing the rings 
in the frames, is composed of 12 parts white lead, 3 parta 
whiting, 1 part minium, and 4 parts boiled lintseed oil. 
This last composition differs from the former only in the 
introduction of whiting, which, while liJj^Hinium it has a 
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dosiccative property, gives more body to the cement and 
prevents the formation of cracke. The oil is also de- 
creased in quantity, as the ucment must be used in a 

!more compact state. The trituration of this cement is 

I performed by means of a cylindric iron roller a b, with 

j I coDtre-Bpoke c d for the hand (fig 76). 
Fig. 7S. 




I It IB essential for the production of good cement, that 
the mixture of the ingredients be complete. 

The expense of the various parts of the Dioptric ap- 
PftratuB is as follows : Great lens of first order, £58 
j(8 of which are required) ; pyramidal lens and mirror, 
*14, 12s. (8 of which are required) ; catadioptric cupola, 
for 360" of horizon, ^jtSO ; catadioptric rings below 
lenses, i360 ; panel of dioptric belt for fixed lights of 
first order, £56 (of wbich 8 are required for the whole 
circle) ; apparatus of fourth order, for a fixed light, for 
*hole horizon, £128; apparatus of sixth order, for whole 
horizon, £44. The expense of the mechanical lamp of 
the first order with four wicka (with framed tripod and 
fcdjastiiig screws, as made for the Scotch lighthouses), 
is £30. 

I next proceed to consider -what mode should be fol- 
lowed in testing the accuracy of the zones. FotJ 
purpose, various expedients 
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u the appUcatioti of gauges in the form of a radii 
hkTuig at one end » pUte with a triangnlar epstce o 
tlirntij;fa it, eqnal aad similar to the cross section of d 
muor. The horizontal motiou of this arm would, a 
Morse, fielect the inaccuracies of the successive section 
ttf the inclosed sone. The applicaUon of such a gaogq 
howeTer. seemed difficult, and in order to test the fon 
of the ioQe«. I satiiSed myself with using caJlipei 
(omiW to the sliding rules used by shoemakers) fe 
— i mri ag the length of the sides of the zone, and i 
gaoioaetAr for the angW, which is shewn in the figntjf 
\.lj. 77). io which .VBC represents the prism, with onS 




;— "s- ■.:-,,-!,'<<\l ivtwivn the arms AC and AB, moveable 
-,r',a ;i ,-oiitr<' O. ;md RR the graduated limb. This in- 
■.■;:-.v,,-ri[, hi'Wi^vor, i^ iui'oiiveuient and defective, as the 
■uv;-\it_v .>l" tho .^ido? AR iind BC of the zone requires 
■me skill in i^ottiug the arms to he tangents to them. 
A jir:K'ni'al te-*t. moreover, yet remained to be made of 
10 /.n .■? wheu fixed in the brass frames, and assembled 
oiiini the common focus of the system (as shewn in 
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Slftte VIII.), by measuring the final inaccuracy in the 
path of the rays emergent from them. I have auccess- 
ftilly used the following mode. Having mounted the 
frames containing the zones on a carriage revolving round 
s small flame placed truly in the common focus, I care- 
fully marked with a piece of soap the centre of the emer- 
ffent eurface AC of each zone (fig, 68, p. 67) ; and having 
Mtached to a vertical rod of metal a telescope, provided 
"With a spirit-level and croas-hairs (for cutting the centre 
of the image of th flam fle ted through the zone) in 
Bach a manner a t b apable of sliding on the rod, I 
observed the cutt g f th entre of the flame by the 
cross-hairs. In th s f any aberration from a nor- 
knal emergence f the nt al ay, I had thus the means 
of at once determining its amount and direction. The 
telescope was moved up or down, and its horizontal incli- 
nation was varied until the axis of the instrument co- 
incided with the direction of the ray emergent from the 
centre of each zone, which was made to circulate round 
the flame, the observer noting any change in the posi- 
tion of the reflected imago of the flame, and causing an 
attendant to mark the zones in which the change oc- 
curred, that they might again be subjected to separate 
examination of the same kind, by adjusting the tele- 
scope to the error of each. The inclination of the tele- 
scope, and the consequent aberration of the ray, was then 
measured by a graduated arc, with an adjusting spirit- 
level, moved by a rack and pinion, which were attached 
to the telescope. By this method I have succeeded in 
detecting the inaccurate position of aome at ^ttft iisva* 
rn the frame ; and the error has 'been teiMnc^ "V*"^ t^tfe- 
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M\y Tesetting tbem, 8o as to dimiDish considerably ft(, 

aberratioii of a great proportion of tile emergeut raji.' 
Another teat, however, remained to be applied to H 
zones, when finally arranged in their places on ti 
frame ; and the mode which I found most convenient i 
practice was simply to measure the complementt of tl 
vertical inclination (given in Table III., page 70) if' 
each surface of the zone, and more especially that 
tho reflecting surface, by means of the instrumeiili 
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i of the upper aeries; and the second (No. 7i>) 
WB the position of tho instrument when appKed to the 
ecting side AB of a zone of the under aeries. In 
Be figures, L is a spirit-level ; R, a graduated limb 

reading the angular deviation from the true incli- 
ioQ of the tangents to each surface ; and SS are 
ia which rest on the convex surfaces AB and BC of 

Bones, 80 as to make the ruler parallel to the tan- 
its of those sides, I have only to add, that I have 
bricted the error in the position of the reflecting 
s of the zones to 50' aa an extreme limit; and I 
'6 invariably endeavoured, in altering the poaition of 

zone in the frame, to throw any error on the aide 
lafety, by causing the rays to dip below the horizon, 
tier than to rise above it.* 

In connection with the use of the alinometer, I determined 
inclinations of the tangents or chords of the three curve sur- 
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Thp mode of framing the greater zones is nearlj tic 
same us tliut used for the Small Ha,rbour Light appa- 
ratuB of tbe fourth order. The chief difference con- 
sidtB in the diagonal framing, which I adopted for sup- 
porting the cupola of 13 zone?, which, from its greirt 
weight, could not be safely made to rest on the dioptric 
belt below. It is shewn in Plates VII. and VIII., and 
accords with the mode of jointing the refractors alreadj 
described. This system has now boen rendered still mow 
complete by the adoption of lanterns composed of <^ 
gonal framework, afterwards described and shewn H 
I'late X. 

We have nest to consider the great Lamp, to the 
proper distribntion of whose light, the whole of the ap- 
paratus, above deeoribed, is applied. Frescel h 
diately perecived the necessity of combining with tbe 
diii]jtrlc instninicnt^ which he bad invented, a burner 
capable of producing a large volume of flame ; and the 
rapidity with which he matured hie notions on this sub- 
ject and at once produced an instrument admirably 
adapted for the end be had in view, affords one of the 
many proofs of that happy union of practical with theo- 
retical talent, for which he was so distinguished. Fres- 
ncl himself has modestly attributed much of tbe merit 
of the invention of this lamp to M. Arago ; but that 



faces AB, BC, and AC of each zone to NP. the axis of tlie 
system, by means of the oljTious relationB of (he known angles 
about C, A. and B. Those inclinations (tig, 80) are shewn by 
the angles BNO, BON, and CPF ; and are given in the Table of 
tie Zones, No. III. 
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fcientleman, with great candour, gires the whole credit! 
Hp his deceased friend, iu a notice regarding light- 
^nues, which appeared in the Annuaire du Bureau det 
^^Mitudes of 1831. The lamp has four concentrio 
^^Bers, which are defended from the action of the ex- 
^^KTe heat produced by their united flames, by meanaf 
^n superabundant supply of oil, which is thrown up 
^Hn a cistern below by a clockwork movement and 
^btantly ovei-flows the wicks, as in the mechanical 
^Hp of Carcel. A very tall chimney is found to hi 
^^■Bsary, in order to supply fresh currents of air to 
Hni wick with sufficiont rapidity to support the com- 
oUBtion. The carbonisation of the wicks, however, i| 
by no means so rapid as might be expected ; and it iri 
even found that after they have suffered a good deal, 
the flame is not sensibly diminished, as the great heai 
evolved from the mass of flame, promotes the rising ot 
the oil in the cotton. I have Heen the large lamp all 
the Tour de Corduan bum for seven hours without being 
gnufTed or even having the wicks raised ; and, in thei 
Scotch Lighthouses, it often, with Colza oil, maintains, 
nntouched, a full flame for no less a period than seven-' 
teen hours. 

The annexed diagrams will give a perfect idea of the 
nature of the concentric burner. The first (fig. 81) 
shews a plan of a burner of four concentric wicks. Ths 
intervals which separate the wicks from each other and 
allow the currents of air to pass, diminish a little in 
width as they recede from the centre. The next (fig. 82) 
^Aews a section of this burner. C, C, C", C" are the 
^^Kk^hiindles for raising or depreaamg, eSicV ■^' ' 



DIOPTRIC SYSTEM OP LIGHTS. 

I the horizontal duct which leads the oil to thi 




wicks ; L, L, L, are sioall plates of tin by wl 
I fcurners are soldcTeA in eaaV lyiWi, ^"oWemS 
placed as not to tindex tVe ^-cfte ■^a.9,?,a.^e o1 ^ 
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^ screw, which keeps at its proper level th? 
I, R, which carries the chimney. The next 
0. 83) shews the hurner with the glass chimney^ 
iter. E ia the glass-cliimney ; 
fct-iron cylinder, which serves 
I a greater length, and has a 
li&per D, capahle of being 
f a handle for regulating the 
of air; and B is the pipe which 
the oil to the wicks. The only 
sing this lamp arises from the 
to occasional derangetoent of 
jpm valves that force the oil by 
'clockwork ; and several of the 
1 the French coast, and more 
y the Corduan, have been ex- 
sd by the failure of the lamp y 
7r minutes, an accident which 
ir happened, and scarcely can 
ith the fountain lamps which 
te reflectors. To prevent the occurrence of 
lidents, and to render their consequences less 
jTarious precautions have been resorted to. 
I others, an alarum is attached to the lamp, con- 
If a small cup pierced in the bottom, which re- 
ipt of the overflowing oil from the wicka, and is 
,-when full, of balancing a weight placed at the 
of a lever. The moment the machinery 
cup ceases to receive the supply of oil, and, 
ider running out at the bottom, tV^ ei^&.- 
f tbe lever is destroyed, so tVa\j 'A ?TCi'& ^ti.i '»■*- 

L — 
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■A ■puis which risgg a bell soffieieotlT lond ts 
wakpn the knper shooU h« «hanoe to bt asleep. It 
msy jiuUt be ijoestioiud whelh«r this jtlu-am would 
prove » tnapudoB to Uw ke«(iere to relax in tl 
watchfnliwn and Fall uleq> ; and 1 hare, in all 
lamp* «f the dioptric lights on the Seotch eoart, tidf 
the conT«r*e mnde of caosing the beil to ceas« when 
clockwork »topa. Then b another pr«caation of mora 
taiportuic«, which cottnets of hanog always at hand ii 
the tight-roont a spare lamp, trimmed and adjusted t 
the height for the fociu, which maj be Bubstatnted f«^ 
the other in case of accident. It ought to be noticH 
however, that it takes abont tweotv minutes from dw 
time of applying the light to the nicks to bring the 
flame to its full strength, which, in cvder to prodoee 
bpFit effect. ahoTild stand at the height nf nearly four 
i-„.'ii,- III'"'-,. TIr- iiKJimveiiionces iUleii.iiiig the t'mt ] 
liiinji Jiavc led tu -wveral attempts tu improve it ; and, 
amongst others, M. Delaveleye has proposed to siibstituW 
n pump having a mi-tiillic piston, in place of the leathern 
valves, ivhidi reciuirc constant care, and must be fre- 
'liKiiitly renewed. A lamp was constructed in this man- 
niT by M . JjCpaiitc, and tried at Corduan ; but was after- 
wards liiscontinued until some of itf defects conid be 
ri'mcdii'd, It bas lately been much improved by M. 
Waf^iicr. an inf^enious artist, whom M. Fresnel had em- 
ployi'd to carry some of bis improvements into effect. 
In tbe dioptric lights on the Scotch coast, a common 
lamp, with a large wick, is kept constantly ready for 
lightinj; ; and, in the event of the sudden extinction of 
tLo Jiicchanicul lamp by the failure QL^je valves, it is 
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y necessary to unscrew and remove its burner, and 
i the reaerve-lamp in its place. The height of this 
ip ia BO arranged, that its flame is in the focus of the 
ses, when the lamp is placed on the ring which eup- 
'ts the burner of the mechanical lamp ; and as its 
ne, though not very brilliant, has a considerable 
ume, it answers the purpose of maintaining the light 
a tolerably efficient state for a short time, until 
light^keepers have time to repair the valves of the 
jhanical lamp. Only three occasions for the use of 
i reaerve-lamp have yet occurred. 
rhe most advantageous heights for the flames in 
ptric lights are as follows ; — 

IrtOrfer, . 10 to 11 centuii^tree = 3-94to 4'33 

Sd Order, . 8 to 9 =3-13 to 3-34 

SdOrdar, . 7 to 8 =2-76to3-13 



those heights of flame, however, can be obtained only 
a careful adjustment of the heights of the wicka and 
relative levels of the shoulder of the glass-chimney 

the burner, together with a due proportion for the 
I of the opening of the iron-damper which surmounts 

The wicks must be gradually raised during the first 
ra of burning to the level of 7 millimetres (0-27 inch) 
ve the burner, a height which they may only very 
ily and but slightly exceed. By raising the shoulder 
Jie glass-chimney, the volume of the flame is in- 
wed ; but, after a certain height ia exceeded, the 
le, on the other hand, becomes reddish d.'sA SSa 
Ihnc/ is dimmished. The heigjit oi V\ie fta.ta.e. '^ 
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decreased, and it becomes whiter by 1ow«iBg.' 
ney. The chimuey is lowered or raised by 
tumiog to the right or to the left the cjlindric 

j holder in which It rests. In regulating the flame 

I eyer, recourse is most frequently had to the use 
damper, hy enlarging the opening of which the 
falla and becomes whiter and purer ; while by dii 
ing its aperture, the contrary effect is produced, 
area of the opening depends on the inclinatioi 
circular disc capable of turning, vertically thri 
quadrant, on a slender axle of wire, which is comr 
by the light-keeper by means of a fine cord which 
from it to the table below. When the disc (see i 
p. 95) is in a horizontal plane the chimney is shut 

\ in a vertical plane, it is open ; and each intern 
inclination increases or decreases the aperture. 

I need scarcely add, that in order to produce tl 
per effect of a system of lenses or refractors, the v 
axis of the flame should coincide with their « 
axis ; and it is further necessary, in order to brij 
best portion of the flame into a suitable posilic 
reference to the apparatus, that the top of the 

. flhould be quite level, and should stand below the 
of the fooua in the following proportions, viz. -.-^ 

For Ist order, 28 miUimetreB = I'lO inch. 
... 2d order, 26 ... =1-03 ... 

... 3d order, 24 ... =095 ... 

For the purpose of placing the lamp in the ceal 
f the apparatus, a ^lumbet having a sharp point, ii 
VJMnded in the axis oE ftie a^'5Ma.'wia,\a''ka.?Qiai*x' 
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*, the place for the centre of the burner. The 
ijnp is then raised or lowered aa required by means 
' four adjuating screws at the bottom of its pedestal ; 
ttd the top of the burner is made horizontal by a 
jirit-level, the most convenient form of which is that 
r the spherical segment, which acts in every azimuth. 
H application to this purpose is due, I believe, to M. 
etouraeau, the successor of M, Francois in the construe- 
on of dioptric apparatus at Paris. This level ia shewn 
i the annexed figure (fig. 84), in which a i is the braas 
ame containing the level, and O 
to air-bubble ; and e shews circles of 
[ual altitudes engraved on the glass, 
flerthe first application of this level, 
le adjustment of the burner as to its 
mtral position is carefully repeated 
If means of a centre-gauge (shewn at 
g;. 89, p. 106), which ia applied to the vertex of each lens, 
F to many points on the internal surface of the refrac- 
)rs ; and being found correct, the level is again applied 
I the top of the burner, to detect any deviation from 
)tfizontality that may have occurred during the pro- 
tea of adjusting it to the axis. 

The lamp is subject to derangement, chiefly from the 
Ifineas of the elack-valvca for want of regular clean- 
£, from bursting of the leathern valves of the oil-box, 
finess of the regulator, or the wearing of the bevelled 
a,ring which gives motion to the connecting-rod that 
'»kB the valves of the oil-pumpa. 
ft]^ pumps of the lamp should raise, m & ^viti&. ^-insfc^ 




VlOO DIOPTRIC SYSTEM OF LIGHTS, 

four times the quantity of oil actually coneumed 
TDamtainiug the flame during that time. Their hot 
produce should be, 

lb. ftvotido; 
For the lamp with four wicks, . . . 6'615 

three widu, . 4'(I0 

two wicka, . . 1*67* 

I ^ts surplus of Ovrt€ times what iB burned is necsa 
p prevent the wick from being carbonised too quick 
0id it has been found quite sufficient for t 

The discharge from the pumps is, of course, 

dated by changes in the angle of the fans of the 

nlator, or in the amount of the moving weight. 

In preparing the leathern valves of the pump-bol 

ihamber, shewn in Plate IX., care must be taken I 

(hey be neither too flaccid from largent 

tense from smallness ; and also that, after being fit 

^ey draw no air. To remove the old valves and rejJ 

wliem by fresh ones, is a very simple process, i 

BJally when a proper die or mould ia used, which at o 

pits the kid-leather, of which the valves are formed 

^e required size and squeezes tfaem into the proper b1 

The focal point for the lenses and refractors is ii 

^entre of the Same and on the level of its brightest I 

le choice of a focua for the zones naturally form 

most important practical consideration in their arra 

^ent For the upper zones, M. Fresnel had adojil 

point in the centre of the flame 10 millimetres abova 

focus of the lenses, so that all the light helow thatp 

necessarily falls between the horizon and the li 
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pfor the lower zones, it was necessary, owing to their 
mgement, for the sake of convenience, in a cylin- 
I form, to adopt a separate focus for each zone, 
iing from the adjacent one, in the direction of ths 
e of gravity of that part of the flame which would 
t each zone. In this manner (fig. 85) the foci of 




b« sones move upwards from a to / in proportion to 1 
bs depression of the zones a, b, c, d, e, f, so that the J 
ine joining each zone and its focns, must revolve aa I 
hj.raiivB vector round some point between them. Tha I 
tails of this arrangement are shewn in Plate VIII. ;; 
|. are also given in the Tahles of the Catadioptrio'J 
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In the arc next the land, in fixed lights, a, great 1 
of light ensues from the escape of the rajs nselessl; 
that direction. So far back as 1834. I Bnggested 
placing a aegment of a spherical mirror, with its ci 
of cuirature coincident with F the focus of the sysl 
80 that the luminous pyramid MFM, of which the 
MM forms the base, might be thrown back through 
focal point and finally refracted into such a directio 
to contribute to the effect of the lens QA g in seai 
and opposite arc. In the diagram (fig. 86), r r indii 

Pig. 88. 



3 



lys proceeding directly from F; r' i^ rays i 
■ftom MM through F, and finally refracted at Qil 
and r" /" is the beam compounded of both. In th« I 
glasB-allvered mirrors, this accession of light i 
amount to nearly half of the light incident on t 
In such an arrangement, a considerable radios vs4l 
sirable to decrease the amount of aberration prodnM 
by a large flame. In the case of revolving lights rf 
first order, the radius would, of course, be limited 
lewhat less than three feet, which is the focal i 
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tance of the lenses, between which and the focus, the 
ixeflecting segment must be placed ; hut in fised lights, 
'ttie lantern is the limit of radius, so that a focal length 
,*rf fire feet ten inches may be obtained. M. Fmn^oiB 
l^ound some beautiful mirrors of three feet radius, 
'iriiich were afterwards silvered by his successor, M. 
Xetoumeau, by some process similar to that patented 
by Mr Drayton of London, by depositing a thin film of 
ifflrer from a spirituous solution of the nitrate ;* and 
that gentleman has successfully completed the construc- 
tion of reflecting spherical segments ISOO"™- square 
I (about 16 superficial feet), to a radius of 1770™™' (5 feet 
'■ 10 inches), which subtend a vertical arc of about 40°. 

The arrangements of the dioptric apparatus in the 
I lightroom will be more fully understood by referring to 
the Plates. 

Plate V. shews an elevation of a revolving dioptric 
apparatus of the first order ; F is the focal point, in 
which the fiame is placed ; L, L great annular lenses, 
forming by their union an octagonal prism, with the 
lamp in its axis, and projecting, in horizontal beams, 
the light which they receive from the focus ; L' L', the 
upper lenses, forming by their union a frustum of 
octagonal pyramid of 50° of inclination, and having 
their foci coinciding in the point F. They parallelise 
the rays of light which pass over the lenses. M, M are 



• See notice of a aimilar prooesB practised about the year 17S0 
J Mr Rogers of Loadon, ante, p. 2, Part II. 



by Mr Rogers of I 
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plane mirrom, placed above the pyramidal lenses L'L', 
and 80 inclined as to project the beams reflected from 
them in planes parallel to the horizon ; Z, Z are the 
lower lones, first naed at Skcrrjvore, in the room of 
the curved mirrors which were used at Cordu&n. The 
lover part of Plate V. shews the 'moveable framework 
which carries the lenses and mirrors, and the rollerfl oa' 
which it circulates, with the clockwork which gives mo- 
tion to the whole. 

Plate VII. shews a section of a fixed dioptric light of 
the first order. F is the focal point in which the flame 
is placed ; R, R cylindric refractors, forming by their 
union a prism of thirty-two sides, or a true cylinder, 
with the lamp in its axis, and producing a zone of light 
of equal intensity in every point of the horizon ; AB0 
and A' TV C shew the upper and lower zones which sup- 
jily the pliice (if tlie mirrors shewn at M. H. in Plate 
VI.; while DEF shews the cylindiic belt as lately im- 
proved, with the diagonal joints M, N, C ; and X, X, 
represent the diagonal supports for the cupola ABC, 
'I'his plate, in connection with the enlarged section of 
the same apparatus at Plate VIIL, affords a complete 
explanation of the arrangement of all the parts. 

In Plate VI. M, M are the curved mirrors, ranged in 
tiers above and below the cylindric refractors, and hav- 
ing their foci coinciding in the point F ; the effect of 
the mirrors increases the power of the light, by collect- 
ing and transmitting the rays which would otherwise 
pass above and below them, without increasing the effect 
of the light. The elements and dimensions of the mir- 
rors are given in the Plate- ^^^^ 
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For the purpose of arranging the various parts olfthe 
dioptric apparatus in their proper positions, three gauges 
iAre emplojed. The first (fig. 87) ia for ascertaining that 




iHses I, I, are inclined to each other at the proper 
izontal angle, so that their axes ahall meet with the 
proper inclination in F the focus. This is done by 
means of two arms, whose projecting points r, r, r, r 
touch the backs of the lenses, while the graduated arc 
e indicates the inclination of I, I, to I, I, or the comple- 
inent of that inclination at F. 

■I Again, for ascertaining the verticality of the main 
Imses, or for setting the subsidiary lenses or mirrors 
shewn in Plate V., at the required angle of inclination, 
recourse is had to a clinometer (fig. 88) touching the 
back of the lens LL by means of studa at A, A, while 
the apirit-lerel S indicates, on the gcaAn&^a^.Xv'o^-,'^^ 
^1 
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unoant of deviation from the -vertical position of tb 
inBtmrnent, nhetlier accidental or intentional. 




Lastly, to test the trne position of tlie lampitH 
with reference to the lenses thus properly arranged,' 
apply a radius or trainer (fig. 89) which fits into t 
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centre burner at F, -while its point A touches the centres 
of the lenses I, I. At B is a graduated slide, which ad- 
mits of the trainer being lengthened or shortened to suit 
various focal distances ; and the spirit-level at c at once 
corrects anj error in the length of the trainer arising 
from depression or elevation, and also serres to indicate 
the proper level for the burner which is noticed at page 
I 98, in speaking of the lamp. The dotted line F tf B' A' 
shews the position of the trainer in reference to an ad- 
! jaoent lens. 

The elegant apparatus invented bj Augustin Fresncl 
irbour lights, on the same principle as that just 
leribed for sea-lights, is shewn (fig. 90, next page). It 
ists of thirteen rings of glass of various diameters 
ged one above another, in an oval form. The five 
e rings have an interior diameter of ll'Sl inches 
"■■) and, like those of the larger apparatus, refract 
lUy over the horizontal plane of the focus, the light 
1 they receive from it. The other rings or prisms, 
Irhich five are called upper and three lower, are 
md and set in such a manner, that they project all 
blight derived from the focus, in a direction parallel 
B other rays, by means of totai rejlection. 
e arrangements of this apparatus, which is distill- 
led by the addition of external refractors arranged 
' Tertically, will be more fully understood by a reference 
to fig. 90, which shews its section and plan. F is the 
focal point in which the flame is placed ; r, r cylindric 
refractors, forming, by their union, a cylinder with a 
lamp in its axis, and producing a zone of light of equal 
intensitj' all round the horizon ; and «, a; atft o.^^^'^'^^'Wi 




r.^iT"-; 'if 'i^-ir :l -f :ial 'ji-eTui-^ a: <?TerT point of the 
'.■■r,: 1 Vz': i'.ir,!'; j:i-s iiew ^e c>iirr?e traversed by 
:iif -I--- r "^j'lT -viii-.-i rrro^-e-i fr^}!!! the lamp, and are 
K'-: !-■ a ":; :h-i r-^iT- ;fz'-ijiS- The letters // shew 
-2'! M-temil TrL='ZL?, hiTir.^ rheir axes at right angles 
: -.1 ::^ :z -'z-i 7— ji:;^^! '-■rii! rri^m?. composing the re- 
:"-i..':-.rj 1: ". ". izi r^-^y.r^jzz ^Toand them. This in- 
nz: -? irc-'-'jit:::; ::* :if rr:pertT of et\>??eii prisms is 
ilT^iiv i^:KTib^d i: li^^ 4;^. Pan II. 

Wit- :hii aptaratTii i; emploveii to light only a part 
:;" :z-i horii'yn.. :ae rings are discontinued on the side 
aex: :h<? land, and room is thns obtained for using a 
common foontain lamp ; bat when the whole horizon is 
illominated, the apparatiis mnst inclggg^ the dame ( 
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6Yery side; and it has in that case been found most con- 
Tenient to employ the hydrostatic lamp of Thilorier, 
in which a balance of sulphate of zinc in solution is 
employed to force the supply of oil to the wicks from 
the cistern below the flame. 

An instrument difiering from this small apparatus 
only in size has lately been introduced into the light- 
houses in France, and has also been adopted in Scot- 
land for lights in narrow seas. It has the same number 
rf rings of glass as the small apparatus, and of the same 
proportional dimensions. Its internal diameter, how- 
ever, is 500 millimetres (about 19^ inches). The fol- 
lowing Table gives the elements of the eight prismatic 
tones (above and below the belt), with the co-ordinates 
to their centres of curvature^ measured from the arris A 
of the outer or emergent surfaces, in whatever position 
the zone may lie on the lathe. The dimensions are in 
millimetres ; but may be easily converted into imperial 
inches, in the manner described in the Note, p. 76. 
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Bi efiect of an annular lens. In combination with tfae 
lamp, may be estimated at moderate distances to 
be nearly equal to that of between 3000 and 4000 Ar- 
gftnd flames of abuut an inch diameter ; that of a cylin- 
dric refractor at about 250 ; and that of a curved mirror 
may perhaps on ao average be assumed at about 10 Ar- 
gand fiames. 

The dioptric lights used in France are divided into 
ax orders, in relation to their power and range ; but 
IB regard to their characteristic appearances, this divi- 
BMm does not apply, as, in each of the orders, lights of 
identically the same character may be found, differing 
mly in the distance at which they can be seen, and in 
the expense of their maintenance. The six orders may 
be briefly described as follows : — 

1st, Lights of the first order having an interior radius 
oe focal distance of 36-22 inches (92"°-), and lighted by 
-ft lamp of four concentric wicks, consuming 570 gallons 
of oil per annum. 

2d, Lights of the second order having an interior ra- 
dios of 27'55 inches (lO"""-), lighted by & lamp of three 
concentric wicks, consuming 384 gallons of oil per annum. 

3d, Lights of the third order, lighted by a lamp of two 
ooucentric wicks, consuming 183 gallons of oil per an- 
num, and having a focal distance of 19'68 inches (50*"-) 

4th, Lights of the fourth order, or harbour-lights, 
liftving an internal radius of 9'84 inches (25=™-), and a 
lamp of two concentric wicks, consuming about 130 gal- 
lons of oil per annum. 

6(A, Lights of the fifth order, having a focal distance 
J-38 inches (185"°-} ; and 



1^28 in 
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■ «< de anil order, bsving an internal 

■ af fr9 nnbes (Ifi**-). and lighted by a lamp d 

i^iad bmter, coDBomiiig 48 g&lloiia of 

lavK. 1^ MMn ninnte subdiTigions of orders 
rta be vauoemmrj. 
e enlers an oot intended as dietinctions; bi 
rtmstic of ilip povn and rang« of lights, wlu(i. 
r tirnn suitable for diffpr^nt localities on the coast 
ing to the dtstanoa at which they can be seen. 
■ dirision. therefore, is analogous to that which s»- 
t%u» nnr Iigifats into tea-llffhts, teeondai-p liffhts, smi 
•our-litthlf. terms which are used to designate the 
power and position, and not tbe appearance, of the lighM 
M which they are applied. 

£seh of the abore orders is susceptible of certain coi^ 
bitiations. which prn^duce various appearaoces, and cm- 
stinite tiie distmcrions U3ci for diuptrio lights ; but the 
following are ihose which have been actually emplojed 
as the mnsf useful in practice : — 

The first order contains, 1st, Lights producing, once 
in every minute, a great flash, preceded by a smaller 
one. by the revolution of eight great lengea and eight 
smaller ones comhined with eight mirrors ; 2d, Lights 
flashing once in every half minute, and composed of 
sistcen half lenses. Those lights may have the subsi- 
diary parts simply catoptric, or dia-catoptrie ; and, 3d, 
Fixed lights, composed of a combination of cylindric 
pieces, with curved mirrors or catadioptric zones ranged 
in tiers above and below them. 

The second order comprises revolving lights with sii- 
ieen or twelve lenses, which make flashes every half 
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; and fixed lights varied by flashes once in every 
inutea, an effect which, ae already noticed, is 
3d by the revolution of exterior cylindric pieces. 

third order contains common fixed lights, and 
ghts varied by flashes once in every four minutes. 

fourth order contains simple fixed lights, aju 
ghts varied by flashes once in three minutes. 

fifth order has fixed lights varied by flasl 

every three minutes, and fixed tights of the com* 
ind. It has been thought necessary to change 
m " fixed lights varied by flashes," for " fixed 
ith short eclipses," because it has been found 
; certain distances, a momentary eclipse precedes 
h. The sixth order has only fixed lights, 
e distinctions depend upon the periods of revolu- 
ither than upon the characterittic appearance 
ight; and therefore seem less calculated to strike 

of a seaman, than those employed on the coasts 
it Britain and Ireland. In conformity with this 

and in consideration of the great loss of light 
results from the application of coloured media, 
ions based upon colour have been generally dis- 
in the French lights, 

distinctions are, in fact, only/owr in nnml 
ixed ; Fixed, varied by flashes ;* Revolving, 
jDce a minute ; and Revolving, with flashes evi 
Dute. To those might be added, Revolving, wU 



I " Fen fixe, vari^ par des felati," ( 
' oFFresnel. 



1 

ery \ 



ites. 
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bright periods once in two minutes, and perLaps J 
tn^ once in jive seconds (as introduced by me 
little RosB, but I cannot say with such complete 
as would induce me to recommend its general ado] 
My own experience would also lead me to reject 
tinction called " Fixed, varied by flashes," wtiicl 
not consider as possessing a marked or effidei 
racter. 

Having thus fully described the nature of the 
trie and dioptric modes of illuminating lighthc 
shall conclude with a comparative view of the m: 
both systems, deduced from the experiment n 
Gullan-hill during the winters of 1832 and 1833 
the inspection of the Commissioners of Northern I 
The chief practical result of those trials was, thatti 
of one of the great annular lenses used in the r 
lights of the first order, was equal to the united 
eight of the large reflectors employed in the rffl 
lights on the Scotch coast. It may be said, howev^ 
the dia- catoptric* combination of pyramidal lea 
plane mirrors of Corduan, adds the power of 
two reflectors to the effect of the great lens ; but i 
to be remembered that in the French lights, tfai 
tional power ia used only to compensate for on« 
defects of the system by lengthening the durt 
the flash, and therefore contributes, if at all, 



* I use this word to desigoatc tlie arrangement of ] 
lenses and pLatiu mirrors, by wbicb the light ia fint' 
sod then r^ecled. 



^^ indi: 
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f indirect manner, to render the light visible to the 
4ni&riner at a greater distance. M. Fresnel found, that 
'•from the amaller divergeace of the lens, the eclipses were 
^too long and the bright periods of the revolution too 
,iAort ; and he therefore determined to adopt the hori- 
tontal deviation of 7° for the upper lenses, with & view 
a remedy this defect. Assuming, therefore, that it were 
iqaired to increase the number of reflectors in a re- 
i&g light of three sides, so as to render it equal in 
t to a dioptric revolving light of the first order, it 
1 be necessary to place eight reflectors on each faee, 
i the greatest number of reflectors required for 
rpose may be taken at twenty-four. M. Fresnel 
bated the expenditure of oil in the lamp of four 
IBtric wicks at 750 grammes of colza oil per hour ; 
s found hy experience at the Isle of May and 
teith, that the quantity of spermaceti oil consumed 
e great lamp, is equal to that burned by from four- 
Bio sixteen of the j\rgand lamps used in the Scotch 
It therefore follows, that, by dioptric means, the 
mption of oil necessary for between fourteen and 
1 reflectors, will produce a light as powerful ab 
irhich would require the oil of twenty-four i-eflectors 
p catoptric system of Scotland ; and, consequently, 
lere is an excess of oil equal to that consumed by 
rflectors, or 400 gallons in the year, against the 
1 system. But in order fully to compare the 
lODomy of producing two revolving lights of equal 
power by those two methods, it will be necessary to take 
^to the calculation the interest of the first outlay in 
■Btablishing them. 
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The expense of fitting up a revolving ligli 
twenty-four reflectors, ranged on three faces, 
estimated at £1298, and the annual maiutenan 
eluding the interest of the first coat of the apg 
may be calculated at £418, 8b. 4d. The fitting i 
volving light with eight lenses and the dia-ci 
accessory apparatus, may be estimated at £14i 
the annual maintenance at £354, 10s. 4d. It th 
follows, that to establish and afterwards ; 
catoptric light of the kind called revolving toMte, 
frame of three faces, each equal in power to a fa« 
dioptric light of Corduan, an annual outlay of £( 
more would be required for the reflecting light tl 
the lens light ; while for a light of the kind ci 
volving red and white, whose frarae has four fa 
least thirty-six reflectors would be required in » 
make the light even approach an equality to 
Corduan ; and the catoptric light would in thi 
cost £225 more than the dioptric light. 

The effect produced by burning an equal quart 
oil in revolving lights on either system, mayb< 
mated as follows; — In a revolving light, lite 
Skerry vore, having eight sides, each lighting' 
greatest power a horizontal sector of 4°, we hM 
(or units) of the horizon illuminated with the full' 
of 3200 Argand flames, and consequently sua ^ 
effect of 102,400 flames, produced by burning i 
required for sivteen reflectors ; while in a cl 
apparatus, like that of the old light at Inchkeith. 
seven sides of one reflector, each lighting wi 
^eatest poi^er a eectoT o^ ^•'i^ , ■«& Vwa MM 
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rUts) of the horizon illiiininated with the full power 
30 Argand flames, and consequently an aggregate 
t of 12,400 flames as the result of burning the oil 
ired for seven reflectors. Hence, the effect of bum- 
he same quantity of oil in revolving lights on either 

m, will be represented respectively by -n- 12,400 = 

13 for the catoptric, contrasted with 102,400 for 
lioptric light ; or, in other words, revolving lights 
le dioptric principle, use the oil more economicaUy 
those on the catoptric plan, nearly in the ratio of 
ol. 

t us now speak of fixed lights, to which the dioptric 
od is peculiarly well adapted. The effect produced 
16 consumption of a gallon of oil in a fixed light, 
twenty-six reflectors, which is the smallest number 
can be properly employed, may be estimated as 
fra : — The mean effect of the light spread over the 
ontal sector, subtended by one reflector, as deduced 

measurements made at each horizontal degi-ee, by 
nethod of shadows, is equal to 174 unassisted Ar- 

bomers. If, then, this quantity be multiplied by 
degrees, we shall obtain an aggregate effect of 
to, which, divided by 1040 (the number of gallons 
ed during a year in twenty-six reflectors), would 
60 Argand flames for the effect of the light main- 
id throughout the year by the combustion of a gallon 
t. On the other hand, the power of a catadioptric 

of the first order, like that lately established at 
leness, may be estimated thus : — The mean effect 
e lightproduced by the joint effiect (ji'bQ'Oii'^u Sa.'s^ 
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trie and catadioptric parts of a fixed light ap] 
may be valued at 450 Argand flamea, which, mul^ 
by 360 degrees, gives an aggregate of 162,000 ; a 
this quantity be divided by 570 (the Dumber of gi 
burned by the great flame in a year), we shall have a1 
28i Argand flames for the effect of the light prodi 
by the combustion of a gallon of oil. It would 
appear that in fixed lights, the French apparatu^i' 
lately improved, produces, as the average effect of 
combustion of the same quantity of oil over the » 
horizon, upwarda of four timee the amount of light 
is obtained by the catoptric mode. 

But the great superiority of the dioptric mal 
chiefly rests upon its perfect fulfilment of an 
condition required in a fixed light, by distributing 
rays equally in every point of the horizon. In 
event of the whole horizon not requiring to be 
nated, the dioptric light would lose a part of iu 
riority in economy, and when half the horizon 
lighted, it would he more expensive than the 
light ; but the greater power and more equal dis( 
of the light, may be considered of so great ii 
aa far to outweigh the difference of expense. In 
latter case, too, an additional power, as already 
(p, 102), can be given to the dioptric light, by pla<niig 
the landward side of the lightroom, spherical mi 
with their centres in the focus of the refracting a|q 
The luminous cones, or pyramids, of vMch 




A eimilar ammgemetA can alwi \m miidle in reroMnf 1 
the radius ot flie minora «ix!.e'B"&B.\.'\fi»a ■Cuaa.^ 



Bi>r<i 
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s would form the bases, instead of passing off 
iMelessIy to the land, would thus be tbrown back through 
||te focal point, and finally refracted, eo as to increase 
1^ effect of the light seaward, by nearly one-Hiird of 
(be light which would otherwise be loat. 

The expense of establishing a fixed light composed of 
^wenty-six reflectors, may be estimated at £950, and 
its annual maintenance, including interest on the first 
iboat of the apparatus, may be reckoned at £425, 10s. : 
^d the expense of fitting up a fixed light on the diop- 
tio principle with catadioptric zones is £1511, while its 
LiLual maintenance may be taken at £285, 6s, 4d. It 
iiiiB appears that the annual expenditure of the dioptric 
^ light is £140, 33. 8d. leas than that of a fixed light 
sed of twenty-six reflectors ; white the average 
^ equally diffused over the horizon, ia four iim6» 

compEu-ative views already given of the catoptric 
ioptric modes of illuminating lighthouses, demon- 

ptthat the latter produces more powerful lights by 
mbustion of the same quantity of oil ; while it is 
B that the catoptric system insures a more certain 

Eition of the light, from the fountain-lamps being 

Bftble to derangement than the mechanical lamps 



gAbed eiicla of tlia octagon bounded by tlie lenses, bo that 

bj circulate freely round the backa of tbe mirrors. The 

f the radius of the reflecting surfa^ie would, of course, 

i the divei^noe of the beam of hght refracted through 

insea, as the flame would, in thii case, aabtond a ^««tKK 

e at the faoe of the ntirrora. 
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u«n1 in dioptric lights. The balance, therefore, of ra 
adviiittagcfi or disadvantages, and, consequently, tl 
propriety of adopting the one or the other syBtem, u 
ToWes a mixed question, not susceptible of a very pn 
ciBe solution, and leaving room for different decision 
according to the value which may be set upon obtainin 
a cheaper and better light, on the one hand, as con 
trasted, on the other, with less certainty in its exhil« 
tion. Experience, however, goes far to shew that, ij 
practice, the risk of extinction of the lamp in dioptti 
lights is very small. 

A few general considerations, serving briefly to re** 
pitulat^i the arguments for and against the two systeM 
may wot be out of place. And, first, regarding the fiS 
nese of dioptric instrumeute for revolving lights, it tq 
pears frniii the details above given. — 

1st, That by placing eight reflectors on each face of a 
revolving frame, a light may be obtained as brilliant as 
that derived from the great annular lens ; and that, in 
the case of a frame of three sides, the excess of expense 
by the reflecting mode, would be £63, 18s. ; and in the 
case of a frame of four sides, the excess would amount 
to £225. 

'2d, That for burning oil economically in revolving 
lighthouses, which illuminate every point of the horizon 
successively, the lens is more advantageous than the re- 
flector in the ratio of 'd-G to 1. 

'dd. That the divergence of the rays from the lens be- 
ing less than from the reflector, it becomes difficult to 
produce, by lenses, the appearance which characteriseE 
the catoptric revolving lights^iB^ so well known to 
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mariners ; and any change of existing lights 
would, of course, affect their appearance, must, 
involve some practical objections, which do not 
apply to the case of new lights. 
That the uncertainty in the management of the 
renders it more difficult to maintain the revolving 
ie lights without risk of extinction, an accident 
lias several times occurred at Corduan and other 
iDuacB both in France and elsewhere. A mi 
experience, however, has tended to moderate any 
n this head. 

That the extinction of one lamp in a revolving 

light is not only less probable, bat leads to 

a serious consequences than the extinction of 

igle lamp in a dioptric light ; because, in the first 

a evil is limited to diminishing the power of on* 

an eighth part ; whilst, in the second, the whoU 

is totally deprived of light. The extinction, 

a lamp, therefore, in a dioptric light, leads to evils 

riudi may be considered very great in comparison witlt. 

j^e consei^ueuces wbich attend the same accident in &■ 

ntoptric light. 

lu comparing the fixed dioptric, and the fixed catop- 
tric apparatus, the results may be summed up under the 
JUlowing heads : — 

isC, It is impossible, by means of any praflticabla 
eomhlnatiou of paraholoidal reflectors, to distribute 
round the horizon a zone of light of exactly eq 

Ity ; while this may be easily effected by dioptric 
in tLe manner already described. In other wor( 
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e qualities required m fitted lights cannot Ik le & 
tained by reflectors as by refractors, 
I 2d, The average light produced in every azmiltl 
■ning one gallon of oil in Argand lamps, withrt 
, is only about one-fourth of that produced hyk 
5 the same quantity in the dioptric apparatns; tmiU 
jiual expenditure is £140, 3s. 8d. iesBfortWsB 
ioptric light than for the catoptric light. 
3d, The citaracteiiatic appearance of the fi 
5 light in any one azimuth would not b 
3 adoption of the dioptric method, altlicn( 

m power would render it visible at sjl 
distance in every direction. 

ith. From the equal distribution of the rajj, " 

optrie light would be observed at equal diatancwinrt 

point of the horizon ; an effect which cannot bfl fifl] 

bed by any practicable combination of pantiid 

ectors. 

iSiA, The inconveniences arising from the ni 

Meh attends the use of the mechanical lamp,*l 

;)erhape so much felt in a fixed as in a revolringlJ| 

r because the greater simplicity of the appai 

of easier access to it, in case of accident. 

6th, But the extinction of a lamp in a c 
leaves only one tvjeniy-sixth part of the hoi 
the benefit of the light, and the chance of w 
ing to vessels from It, may, therefore, be C 
incalculably less than the danger resulting fl 
tinction of the single lamp of the dioptric 
deprives the whole horizon of light. 



^^^^^^^' TOffHPWfrftWWBM OP T.10HTS; 

Btt, Tliere is alao, in certain situations, a risk arising; 
^B< irregularity in the distances at which the same 
Hft catoptric light can be seen in the different aii- 
^BtB. This defect, of course, docs not exist ii 
Haric light. 

I^ere can be little doubt, that the more fully the sys- 
WR of Fresnel is understood, the more certainly will ife 
be preferred to the catoptric system of illuminating 
lighthouses, at least in those countries where this ii 
{trtant branch of administration is conducted with thf 
are and eolicitude which it deserves. It must no^ 
floweTer, be imagined, that there are no circumstance* 
in which the catoptric system is not absolutely prefer- 
•We to illumination by means of lenses. We hay) 
mharto attended only to horizontal divergence and ib 
■Us, and this is unquestionably the more importani 
Bat; but the consideration of vertical divergence muai 
Bjbfl altogether overlooked. Now, while it is obviom 
B^Tertical divergence, at least above the horizon, in' 
BKb a total loss of the light which escapes uselessly 
^Rtde into space (in which respect the reflectors a 
^m less advantageous), it is no less true, that if the 
^K cf light which reaches the most distant horizon o 
^Biglitlioase, however brilliant, were as tkln as the at> 
^■e of all vertical divergence would imply, it would b 
^HaoaUy useless ; and some measure of dispersion in thi 
^melow the horizon is therefore absolutely indispes 
^V to constitute a really useful light. In the reflectoi; 
ne greatest vertical divergence below the horizonta 
plane of the focus is 16° H', and that of the lens is aboq 
i° 30', Let us consider for a moment t^xe'^ieMVft.if.'i'i. "i 
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f&cts upon the application of the two modes of iUnnui 

tion to special clrcumBtances. The powerful l3eMi 

light transmitted by the lens, peculiarly fits that in 

ment for the great sea-lights which are intended to ' 

the mariner of his approach to a distant coast which. 

first makes on an over-sea voyage ; and the deficicl 

of its divergence, whether horizontal or verticil, il i 

practically felt aa an inconvenience in lights of tint o 

racter, which seldom require to serve the double [« 

of being visible at a great distance, and atftsrf 

time of acting aa guides for danger near the shore. 1 

such purposes, the lens applies the light much mortl 

vantageously as well as more economically thuiA(! 

.fleeter ; because, while the duration of its Ictatu 

it beam is nearly equal to that of the reflects 

eight times more powerful. A revolving eysW 

ight lenses illuminates an horizontal arc ef 3S°1 

.8 bright beam. The reflector, on the other ll 

treads the light over a larger arc of the horison;! 

while its least divergent beam is much less poffl 

than that of the lens, the light which is shed eM 

extreme arc ia so feeble as to be practically of 0* 

lights of extensive range, even during clear wm 

hen a lighthouse ia placed on a very high beaol 

the deficiency of divergence in the TOl 

•ection is often found to be productive of some | 

leal inconvenience ; but this defect may be J 

imedied by giving to the lensas a slight incliu 

'.wards from the vertical plane of the focus, J 

cause the most brilliant portion of the < 

am to reach tW Dvaible liorliou -wV\Oa.'vfe iakW 
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lantern. It may be observed, also, tbat a 
at the height of 150 feet, wbicb (taking into 
the common heiglit of the observer's eye at 
immands a range of upwards of 20 English miles, 
icient for all the ordinary purpoaes of the naviga- 
id that the intermediate apace is practically easily 
inated, even to within a mile of the lighthonae, by 
means of a slight inclination of the subsidiary mirrors, 
even where the light from the principal part of the apt 
iparatne paeaes over the seaman's head. For the purpose 
■of leading lights, in narrow channels, on the other hand, 
■Md for the illumination of certain narrow seas, there 
■MB be no doubt that reflectors are much more suitable 
rind convenient. In such cases, the amount of vertical 
■ffirergenee below the horizon, forma an important ele- 
JQent in the question, because it is absolutely necesaarj 
Hat, the mariner should keep sight of the lights even 
*tien he is very near them ; while there is not the same 
tall for a very powerful beam which exists in the case 
.of eea-lighta. Yet even in narrow seaa, where low 
.towers, corresponding to the extent of the range of the 
'l^t, are adopted, but where it ia, at the same time, 
Heedful to illuminate the whole or the greater part of the 
' borizon, the use of dioptrie instruments will be found 
almost unavoidable, especially in fixed lights, as well 
from their equalizing the distribution of the light in 
vnry aMmuth, aa from their much greater economy 
in situations where a large annual expenditure would 
often be disproportionate to the revenue at disposal. 
In Buoh places, where certain peculiaritiea of the situa- 
^OD require the combination of a light eo^oall^ d\-ffi"as^| 
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oYPr thp greater portion of tlie homoo, along with a 
greater vertical divtrgonce in certain aaimuths, thu 
dioptric iiiBtniments afford, I ha\e found it convenifat 
wid economical to add to the fixed refracting apparat^ 
ft single paratololdal re6ector, iu order to produce tli« 
desired effect, instead of adapting the whole to the mam 
fxpensivc plan for tJie sake of meeting the wants of t 
■in}{1e narrow sector of its range. In other cases, when 
^e whole horizon is to be illuminated, and great Ter- 
tical divergence is at the same time desirable, a slighl 
elevation of the burner, at the expense, no doubt, of a 
imall loss of tight, is sometimes resorted to, and is found 
to produeo, with good effect, the requisite depression ef 
the emergent rays. 

Ib certaiB situations, where a great r&nge, and, COI^H 
qiiently, a powerfii! lijrht must be combined with tol^^ 
ably powiLTt'ul ilbuiniiatiLni in the iminediati; vicinity of 
the lighthouse, we might, perhaps, advantageously adopt 
a variation of the form and dimensions of the mirrors 
employed, so as to resemble those formerly used at the 
Tour de Cordiian, which were of considerably larget 
surface and longer focal distance than those which art 
used in Britain. If such a form were adopted, the power ] 
of the light for the purpose of the distant range would 
be increased ; and I would propose to compensate fortlie 
deficiency of divergence consequent on a long focal 
distance, by placing a second burner in some position 
between the parameter and the vertex, and slightly ele- 
vated above the axis of the instrument, so as to throw 
the greater portion of the beam resulting from this 
second burner below the hori||^>Lplane of the focus. 
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.tent is no doubt somewhat clumfiy, and 

ne time iovolTe the consumption of twice 

tiitj of oil used in an ordinary catoptric light ; 

still conceive it to be preferable, in certa.iii 

,8, to the use of lenses alone. 

it appears that we must not too absolatel; oon- 

mgainBt one, or in favour of the other mode of 

for lighthouses ; but, as in every other de- 

t of the arts, we shall find the necessity of 

ly weighing all the circumstances of each parti- 

that comes before us, before selecting that 

tent, or combination of inetnimcnta, which ap- 

8t suitable. 

ode of distinguishing lights in the system of 
depends more upon their magmUtde and ths 
I vftterval of the time of their revolution, thaa 
leir appearance ; and no other very marked difl- 
vaa, except Fixed and Eevolving, have been buc- 
;OGfiefally attempted in France. As above stated, I con- 
^nder the distinction of ikie fiartd light varied hyjlasket, 
]t(> possess an appearance too slightly difiering from that 
Jif a revolving light, to admit of its being safely adopted 
iqt aitnations where revolving lights are near. The trial 
*3rhteh I made at the Little Ross, in the Solway Frith, 
,_4f producing, by means of lenses, a light flashing onc« 
lin fire seconds of time, although successful so far as 
tmere distinction is concerned, has several practical de- 
feots, arising from the shortness of the duration of the 
ifiaaheB, compared with the powerful cfl'ect of the fixed 
,pait of the apparatus, which I consider sufiicient to pre- 
its adoption in future, especially coQsi.d.ei:vt^ %■&.< 
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a much more marked appearance can be prodnced Iq 
meana of reflectors, as lias been done at the Bacham 
in Aberdeenshire, and the Rhinna of Islay in Argji 
shire. Coloured media have never, so far as I k 
been applied to dioptric apparatus, except in the el 
of the Maplin Light at the mouth of the Thames, tt 
Cromarty Point Light at the entrance to the Cromi 
Frith, Noaahead in Caithness, and Ship Rock of S 
in Argjleshire, hut in all those instances a 
In the case of the hxed light at Sanda, in particiilW|l 
would observe that it is well seen at the distance d 
nautic miles, and occasionally observed even bo fi 
as 22 nautic miles. The enormous loss of light) h 
ever, amounting to no less than 0'80 of tha 'wfaoVil 
dent rays, forms a great bar to the adoption of « 
as a distinction ; and any means which conid U 
lessen that absorption, and at the same time p 
the characteristic appearance, would be niofit valus 
I have tried some glasses of a pink tinge, j 
by M. Letoumeau of Paris, in which t 
does not exceed 0-57 of the incident rajl 
appearance of the light, at a distance, 
marked than that produced by the glasses used 9 
tain.* Such deficiency of characteristic colour B 
lead to serioua couseqnences, as the tranf 
white rays, through a hazy atmosphere, t 
ducea, by absorption, a reddish tinge of t 
which the less marked appearance given I 
media might be easily mistahea. This colouring » 



? See Tjagi ■LOa.Caitl, 
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■ of absorption is so Tf ell inown, that red lights are sel- 
j iom used except in direct contrast with white ones ; 
but, on a coast so thickly studded with lighthouses as 
. th&t of Britain, the number of distinctions is insufficient 
I to supplj all our wants, ao that we are sometimes reluc- 
,taDtly compelled to adopt a smgle red light in some 
I'^toation of leaser importance, or which, from some local 
j'Wroumatances and the appearance of the lights which 
Intist be seen by the mariner before passing it, is not 
likely to be mistaken for any other. The great loss of light 
by coloured media causes the red beam, in a revolving 
I light, to be seen at a shorter distance than the white ; 
iUld it is conceivable that, in certain circumstances, 
i'&ia might lead the mariner to mistake a red and white 
'\tiffkt for a white light rerolving at half the velocity. 
i'Sacb a mistake might perliaps prove dangerous ; but 
HiiB lights are generally so situated that there is ample 
itiine for the mariner, after first discovering the red light, 
.aad thus correcting any mistake, to shape hia course 
jHiOordiugly. All other coloured media except red have 
been found useless as distinctions for any lights of ex- 
tensive range, and fail io be efficient, owing to the neces- 
Bity of absorbing almost all the light before a marked 
(ftppearance can be obtained. In a few pier or ferry 
H^tS) green and blue media have been tried, and found 
available at the distance of a few cables' lengths.* 
It seems to be a natural consequence of the physical 



* In some late esperimentB which I made with very powerful 
■inrtrunieiilfi, green lighla were visible, in verj clear weather, t* 
I tba dietaacs of 7 miles. The blue could onl'J QTiw \ft weft.,'^ 
ffett diScalty, at 5 miles. 
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iiBtribution of light, that fixed lights, which iUttB 
ihe whole horizon, should be less powerful than n 
tag lights which have their effect concentrated i 
larrow sectora of the horizon. Any attempt to iw 
the power of fixed lights is, therefore, worthy of 
ion ; and when the late Captain Basil Hall p«p 
plan for effecting this object, it received, as it d» 
she full consideration of the Scotch Lighthowe 
who authorized me to repeat Captain Hall's > 
taents, and verify his results by observations mat 
considerable distance. 

The familiar experiment of whirling a. buminj 
jTiickly round the head, so as to produce a rib 
ight, proves the possibility of causing a continna 
ipression on the retina by intermittent images succ 
each other with a certain rapidity. From the mt 
Telocity at which this continuity of impression 
tained, we should be warranted in concluding, a 
^that the time required to make an impression on ' 
tjna is considerably less than the duration of the i 
sion itself; for the continuity of effect must, of i 
he caused by fresh impulses succeeding each oti 
fore the preceding ones have entirely faded. If: 
otherwise, and the time required to mate the imp 
i equal to the duration of the sensation, it 
obviously be impossible to obtain a series of i] 
■ao close or continuous in their effects as to ran ii 
lOverlap each other, and thus throw out the inter 
iarkuess ; because the same velocity which woul 
< shorten the dark intervals, would also curW 
right flashes, and ttiMB -pTCTeivt 'ikevt wtUu^oaj 
jng enough to cause an. Vm'^iftasi'sa. 
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Bat the duration of an impreaaion is in reality 
jreater than the time required for producing the 
teffect on the retina. It is stated by Professor Wheat- 
stone, in the London Transactions for 1834, that onlj 
About onf millionth part of a second ia required" for 
BBUtking a distinct impression on the eye ; and it appears, 
|£rom a statement made by Lame, at p. 425 of his Coora 
^e Physique, that M. Plateau found that an impression 
l^n the retina preserved its intensity unabated during 
Mte hundredth of a second, so that, however small those 
jtimes may be in themselves, the one is yet 10,0(W 
Kreater than the other. 

1 It has been ascertained by direct experiment,* that 
(ttie eye can receive a fresh impression before the jwe- 
Ueding one has faded ; and, indeed, if this were impos- 
joible, absolute continuity of impression from any suc- 
icession of impulses, however rapid, would seem to be 
unattainable ; and the approach to perfect continuity 
, would be inversely as the time required to make an iin- 
ipression. 

From the property which bright bodies passing rs- 
,j)idly before the eye possess of communicating a conti- 
nuous impression to the sense of sight, the late Captain 
Basil Hall conceived the idea, not merely of obtaining 
ftll the efiects of a fixed light, by causing a system of 
lenses to revolve with such a velocity as to produce a 
continuous impression, but, at the same time, of obtain- 
ing a much more brilliant appearance, by the compen- 
iating influence of the bright flashes, which he expected 

* Lun^. Cours de Physique, p, 424. " Ij'Vnv^tiiwninv ^■* 
mai«i»ter encore hraqae ]a, auivante a VienJ' 
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wottld produce impnlBM safficiently powerful und itr 
r»bl« to make the deficiency of light in the dark cpMM 
•)mo«t imperceptible. The mean effect cFf the whola 
•eries of chuges would, he imagined, be thua greatij 
■opmor to that which can be obtained from the 
qoaotit; of light equallv distributed, as in fixed lighted 
over the whole homon. Now this expectation, if itb* 
considered solely in reference to the physical distnbutjoit 
of the light, involves variona difficulties. The qaantitjirf 
light sabjected to instnimectal action is the same wte" 
ther we employ the refracting zones at present used ia 
fixed dioptric lights, or attempt to obtain continuity o£ 
effect by the rapid revolution of lenses ; and the only 
difference in the action of those two arrangements i» 
this, that while the aones distrihate the light eqsiil^ 
orer the whole horizon, or rather do not interfere 
it.^ liatural liorizuntal lii^tributiou, the offetit of tlie 
posed method is to collect the light into penciJs, which 
are made to revolve with such rapidity, that the im- 
pression from each pencil succeeds the preceding one 
in time to prevent a sonsiblo occurrence of darknesB. 
To expect that the mean effect of the light, so applied, j 
should be greater than when it is left to its natural ho- 
rizontal divergence, certainly appears at first to involve 
something approaching to a contradiction of physical 
laws. In both cases, the same quantity of light is acted 
upon by the instrument ; and in either case, any one 
observer will receive an impression similar and equal to 
that received by any other stationed at a different part 
of the horizon ; so that, unless we imagine that there is 
some hss of light peculiar to one of the methods, we 
^e shut ap, in the physical ■vu^H||»s'^*'^'*^'''*''^ 
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Hon, that the imprcBBJons received by each class 
iservers must be of equal intensity. In other words, 
lame quantity of light is by both methods employed 
nvey a continuous impression to the senses of spec- 
's in every direction, and in both methods equality 
stribution is effected, since it does not at all consist 
our hypothesis, that any one observer in the same 
1 should receive more or less than his equal share 
le light. Then, as to the probability of the loss of 
;, it seems natural to expect that this should occur 
innection with the revolving system, because the 
jity is an extraneous circumstance, by no means 
asary to an equal distribution of the light, which 
as we already know, be more naturally, and at the 
J time perfectly attained by the use of the zones. 
n the other hand, it must not be forgotten, that al- 
gh the effect of both methods is to give each part 
le horizon an equal share of light, there is yet this 
rence between them, that while the light from the 
8 is equally intense at every instant of time, that 
red by the rapidly- circulating lenses is constantly 
ing through every phase between total darkness 
the brightest flash of the lens ; and this difference, 
a m connection with some curious physiological ob- 
itions regarding the sensibility of the retina, gives 
iderable countenance to the expectation on which 
■aiu Hall's ingenious expedient is based. The fact 
h has already been noticed, and which the beauti- 
ixperimenta of M. Plateau and Professor Wheat- 
I have of late 1-endered more precise, that the dura- 
of an impression on the tetina. Vb ivu't oti.^ wj^^fe- 
B, bat ia much greater fhan. t\ie \Atae Tcwfiaft^- 'v^ 
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p it. Mcms to enconnmc us in cspecting, that whi 
I r*Ioeilj irqoiit^ to produce continuity of ei 
old not be found so great as to interfere with the 
tioQ nf & full impredsion, the duration of the impulj 
1 ««ch flash would remajn unaltered, and the d 
rats which do not excite the retina would, at 
p time, be ebortened ; and that, therefore, we mi^ 
I tln» manner obtain an effect on the sensea exeei 
I the brilliancy of a steady light distributed eqiid 
k every direction by the ordinary method. Some pi 
I, indoed, who hari- speculated on this snhjeot, sea 
i> to be of opinion, that, so far from the whole eflei 
■tbe aeries of continuous iraprcsRions being weaken! 
f a bl«iding of the dark with the bright intervals, tl 
B vonld in realitp^ be stimulated by the ctmti 
Lght and darknoi;-!, pn as thereby to recciTO a mnt 
complorc and diirL\bk' impulse from the light. It is ob- 
vious, however, that this question regarding the pro- 
bnble effect to be anticipated from a revolution so rapid 
as to cause a continuous impression, could only have 
been tJatisfaetorily answered by an appeal to experiment. 
In experimenting on this subject, I used the appara- 
tus formerly emploTcd by Captain Hall. It consiated 
of an oetagonnl frame, which carried eight of the discs 
tdat compose the central part of Fresncl's compound 
lens, and was susceptible of being revolved slowly or 
quickly at pleasure, by means of a crank-handle and 
some intermediate gearing. The experiments were 
nearly identical with those made by Captain Hall, who 
contrasted the effect of a single lens at rest, or moving 
very slowly, with that n^Jfcdby the eight lenses, re- 
rolving with such ve^^^^^B||^i>>M,%e ^.tx w^i^Ttt-^^ 
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^^^KDuous impression on the eye. To this experiment I 
^^^M that of comparing the beam thrown out by the 
l^^tal portion of a cylindric refractor. Buch as is useii 
mtiie fixed light of the Isle of May, with the continii- 
i.cnia impression obtained by the rapid revolution of the 
ilenses. Captain Hall made all his comparisons at the 
.sliort distance of 100 yards ; and, in order to obtain 
•JBome measure of the intensity, he viewed the lights 
i^rough plates of coloured glass until the luminouB discs 
"~ e invisible to the eye. I repeated those experi- 

iits at Gullan, under similar circumstances, but with 
y different results. I shall not, however, enter upon 
tte discussion of those differences here, although they 
jeptible of explanation, and are corroborative of 
joncluaiona at which I arrived, by comparing the 
B from a distance of 14 miles ; but shall briefly no- 
ttie more important results which were obtained by 
istant view. They are as follow : — 
!■ The flash of the lens revolving slowly was very 
b larger than that of the rapidly revolving series ; 
) decrease of size in the luminous object pre- 
1 to the eye became more marked as the rate of 
■otion was accelerated, so that, at the velocity of 
I flashes in a second, the naked eye could 
ply detect it. and only a few of the obaerycrs saw it ; 
B the steady light from the fixed refra<;tor was dia- 
Hy visible. 

■There was also a marked falling off in the bril- 

f of the rapid flashes as compared with that of the 

Ebnes ; b«t this efiect was by no means so striking 

k^e decrease of volume, 

3. Chntiamty of imprcsaion was not ^i,\iVa.\iife\ aX ■* 
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nie oT fin dashes in a aetwnd, but each Sash appeari 
to be distinctly separated 1>y an interral of daxkw 
and tvta vb«Q the nearest approach to continuitj 
made, by tlie recurrence of eight or t«n fiashea in 
aeeond, the light still presented a twinkling appearant 
wliieh was well contra£t«d with the steady and uncban 
ing effect of the eylindric refractor. 

4. The light of the eylindric refractor was, as alnd 
stated, steady and unchanging, and of much la 
Toinme than the rapidly revolving fiaehes. It did 
howerer, appear bo brilliant as the flashes of the tjokl^ 
revolving lenses, more especially at the lower rata 
Bve flashes in a second. 

5. When viewed through a telescope, the differea 
of votome between the light of a cylindrio re&actep 
thnt yiri.Mluced by the len?os at their greatest velooi 
was very striking. The former presented a large dif- 
fuse object of inferior brilliancy, while the latter Bxlw 
bited a sharp pin-point of brilliant light. 

Upon a careful consideration of these facts, it ap- 
pears warrantable to draw the following general 
elusions : — 

1. That our expectations as to the eflects of light, 
when distributed according to the law of its natural hori- 
zontal divergence, are supported by observed facts as to 
the visibility of such lights, contrasted with those whose 
continuity of effect is produced by collecting the whole 
light into bright pencils, and causing them to revolve 
with great velocity. 

2. It appears that this deficiency of visibility seems 
to be chiefly due to a wanto^volume in the luminooB 

object, and also, althoud^^^fcw ieECft«,^A ^Xwsa, 'i 
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sity, both of which defects appear to increase in 
wtioD as the motion of the luminous object is accel- 

8. That this deficiency of volume is the moat remark- 

iblettptical phenomenon connected with the rapid motion 

f lominoua bodies, and that it appears to be directly 

[tortioual to the velocity of their passage over the 

)> That there is reason to suspect that the visibility 
^nt light depends on the volume of the impreaaion 
reater degree than has perhaps been generally 
fted. 

t, aa the size and intenaity of the radiants 
g these various impreaaioiis to a distant observer 
), the volume of the light, and, consequently, 
pparihws, its visibility, are, within certain limits, 
tionate to the time during which the object is 
^t to the eye. 
L appear to be the general conclusions which 
leriments warrant us in drawing ; and the prac- 
esult, in ao far as lighthouses are concerned, is 
ait to discourage us from attempting to improve 
Kbility of fixed lights in the manner proposed by 
I Hall, even supposing the practical difficulties 
d with the great centrifugal force generated by 
rftpid revolution of the lenses to he less than they 
really are. 

The decrease in the volume of the luminous object 
caused by the rapid motion of the lights is interesting, 
from its apparent connection with the curious pheao. 
nenon of irradjation. When Inminou?, bo^e*. 
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th(> lights of distant lampi 
pear mucb larger than tiiej n 
pffect ia said to be produced bjl 
in his elaborate essay on thl 
cxauiinntion of alt the tlieori^ 
Co bu his opinion, that the n 
conrititig for the variona obs 
atioTi is to Btippose, that, 
the excitement caaaed by lid 
retina beyond the limits of tl 
owing to the increased stimJ 
trast of light and darkness ; 
a law, confirmed by numeroot 
ation increases with the dura^ 
appears, therefore, not unread 
the dofieioncy of Tnlnme obseri^ 
iuti.m . if the Icnsosmay hnve 
being present to tlie eye ao sh< , 
waa not stimulated in a degree? 
amount of irradiation required 
object. When, indeed, the si 
that irradiiition ia proportions 
observation, is taken in connff 
fa^t, that the voltime of the \i\ 
tion of the lenses was accelers 
possible to avoid connecting tog' 
as cause and effect. 

Before leaving this part of tl 
tentioo to some late plans for cc 
toptric apparatus, th^J^ect of 
corrective action^ 
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in the colonies, deserves careful attention. It 
remembered that the proposal of Mr Barlow for e 
this object, has already been noticed ; and it if 
now to do more than remind the reader, that th 
tical disadvantage of the great aberration in tl 
of the rays reflected from the aubsidiary hemispl 
mirror, which must necessarily be of very small c 
Bions, together with the great loss of light by the i 
reflection, muBt go far to neutralize the efi'ect ol 
' low's plan. A combination of dioptric and catoptl 
I Btruments, intended to produce aaimilareff'eet.Ii 
f proposed by Mr Alexander Gordon, and ie descril 
page 385 of the tenth volume of the Civil jEn^ 
[■ and Architects' Journal. It consists of a parabc 
[ mirror, of a very short focal distance, with some ( 
outer zones of one of FreBnel's smaller lenses in 
of it. The zones are intended to refract some of ill 
that escape past the edges of the mirror, while tie 
of light reflected from the mirror itself is suppo 
pass through the circular space which is generallT 
pied by the central portion of the lens. This a 
ment is a step in the right direction, only in so 

I it implies the union of the two modes of itlumini 
hut, as it is by no means skilfully designed, it i* 
to several palpable objections, 
Istly, The actual gain of light has been gr»^ 
rated by the writer in the Journal, who expects II 
fjths of the whole light to a useful account ; bat M 
a gain of light can never consist with the {ormBSJ 
tion of the lower part of the flame. 
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^^HJie intercepted by the paraboloid alone, and little 
^^H^an ^ths by the rings of the lens, aii addition far 
^^HBgnificant to warrant the adoption of so expensive 
^^Bbndage to the reflector. 

^^^^ The great aberration of the rays reflected by 
^^HwA'd behind the parameter, and its small reflect- 
^^^E&cfl, must render it practically useless ; and, per- 
^^^Bearly one-half of the whole light novdd thns be 
^^^Bfiie mariner. The accurate formation of a parai- 
^^Bra such depth would also be difficult ; and, consi- 
^^^Plhfl practical inutility of the conoid behind the 
^^^Bter, would seem to be a misapplication of labour. 
^^H^, The union of such an instrument with tbe len- 
^^^t zones in front, which require that the pencil of 
^^Bt rays should be reflected with the greatest accu- 
^^^R as tfi enable them to pass through the circular 
^^^Kt&nded by the zones, is an obvious misapplication 
^^K^bololid with a short focal distance, to a purpose 
^^Befa it b singularly unsuitable. 
^^K, Mirrors somewhat of the same form were in use 
^^^Dy lighthouse, and were long ago discarded as 
^^Hbstageous, at the suggeEtion of the late eminent 
^^^n Huddart. 

^^H^, The outer zones, which form the least efficient, 
^^Bi^e same time the most expensive portion of the 
^^^Eod lens have been preferred to the central portion 
^^^ranstrument ; and by thia means the anterior cone 
^^Hi8 at the same time lost. 

^^^B cui be little doubt that it is by the union of 
^^^K and refraction alone, that any thing like 
j^^S^ to a complete application of the whole 
jitt be reasonably expected ; and it was tlua cni 
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to be iHvided into three parts, whereof the anterior cow 
in uiady parallel by the iens at e ; and the remaining zone, 
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pparabolo'idal surfaces between n o and p p ; wbile 
posterior hemisphere is received on the hemispherical 
<a nmo, and by it sent back through the focus /, 
ace, passing onward, it is in part refracted by the 

e, and in part reflected by the paraboloidal surfaces 
'«en Tt o and pp, and thus finally emerges horizon- 
*■, in union with the light from the anterior hemi- 
ve. The hemispherical mirror, of course, occupies 
[ilace of the parabolic conoid which is cut off behind 
parameter ; and its dimensions may he increased at 
sure, so as to reduce the aberration of the reflected 
I. It applies equally to fixed as to revolving lights, 
olgect being in both cases the same, viz., to reas- 
ble the posterior hemisphere of rays in the focus/. 
a generating the apparatus for the revolving light, 
Bection, at fig. 91, is supposed to revolve round the 
xontal axis efm ; but, for fixed lights, the apparatus 
^Derated by the revolution of the parabola in a 
isontal path round a vertical axis tn the parameter 
f, as in tbe case of M. Bordier Marcet's harbour 
t (see page 114, Part I.), while the section of the 
i also revolves round the same vertical axis, and thus 
eratea the dioptric belt of Fresnel's catadioptrie ap- 
htns (see page 42, Part II.). 
Ig8. 93 and 94 exhibit the fixed light apparatus — ^the 

diagram shewing a central section, and the other a 
llview. In those figures (which are on the next page) 

the common focus ; e the refracting belt ; p p, the 
Bbolic surfaces ; ti m o, tbe hemispherical mirror ; 
. s g, the stmts for supporting and stilfoning the car- 
ting plates/'/'. 
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parabolo'ldal surfaces. The zones have the same cross- 
sections as those of Fresnel's small catadioptric appara- 
tus ; but, in generating the new zones, the section is sup- 
posed to revolve round an horizontal instead of a vertical 
axis, which, of course, passes through the focus. In this 
manner the zones lie in parallel planes at right angles 
to tho*se of the zones in FresneFs apparatus, which 
are horizontal. This arrangement is shewn in figures 
95 and 96, in which / is the common focus of the sys- 
tem ; w, the hemispherical mirror ; and z z, the totally 
reflecting zones. The distinguishing peculiarity of this 
arrangement is, that the catadioptric zones, instead of 
transmitting the light in parallel horizontal plates, as in 

Fig. 95. 





Fresnel's apparatus, produce, as it were, an extension 
of the lenticular or quaquaversal action of the central 
lens, by assembling the light around its axis / (fig. 96), 
in the form of concentric hollow cylinders z z. 

In so far as photometrical results have been obtained, 
ttiere is reason to anticipate that an increase of 50 per 
cent, above the light derived from the common para- 
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^Kbolo'idal mirror will reeult from ihe itotophotal i-ous 

^g The laat arrangement consists of replacing the I 
spherical reflector of metal or silvered glass, shewn 
in figure 95, by means of a polyzonal hemisphere, 

*eonceiitrir zone of which has a catadioptric actjou, 
(that which is exerted upon rays falling at right uigit 
■the longest side of a right-angled triangular prism. 
effect of this arrangement will be best understood bj 
aminiug fig. 97, which represents the cross-section 
single concentric zone. The first or inner surface irfi 
zone being concave, and having its centre 
will, (Aeorcft'caiiy speaking, receive any ray Fc ass 
mal at e, and, no refraction taking place, the ray will ; 



I 



Pig. 97. 



oeed unaltered in its direction from e to r ; at this p 
it will be totally rejtected in the direction r, 
will be a second time totally reflected in the d 
r" e' ; at which latter point e', it is also normal ft 
inner surface, and consequently proceeds unchaii^ 
its path, thus finally returning to the C 
F. The cross- sections CA and AB of th( 
faces of each zone are, strictly speaking, j 
Wabolas facing eac^ (iftxei, lafto'iJLii^tt.t i 
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Fangles, and also having their common focus in 
the centre of the hemisphere. In this manner, ae 
ready explained, a ray proceeding from the focua falb 
I tiie concavG or first surface, entere without refrac- 
in, la totally reflected at the second surface in a direc- 
m tangential to the sphere at the apex of each zone, 
id passing on, is again reflected at the third surface, 
,d finally emerges from the opposite end of the inner 
eonoare surface without refraction ; whence, passing 
, through the centre of the hemisphere, it becomes a 
]^on of the anterior cone of rays, and being refracted 
rough the lens L, or reflected by the catadioptric rings 
C, C,C(Beefig, 98), finally emerges in the paths shown 
e arrows, and adds its power to the efiect of the 
Fig. 98. 




f rays R, K, R. The union of several of those 
i-angled zones, arranged in a concentric manner 
ound tlie horizontal axis of the lens L (fig. 98), 
mpletes the hemisphere A, A, A. The central piece, 
iweyer, will be a species of conoid, having the radius 
its base equal to the semichord of its inner sur- 
ce, Not only would the action of tViva Vftia-vs^^it* 
macb more perfect than that oS B\\\«te\ -KOTttsw 



148 DIOPTRIC SYSTEM OF LIGHTS. 

or metallic reflectors, by which so mucli liglit is »t- 
sorlied, but it would, moreover, possess the advaniajt 
of being less perishable in its polish. The difficoltj 
of grinding the convex faces in a parabolic form migt* 
be avoided by using the radius of the circle which oscu- 
lates the parabolic segment, or by drawing tangeiiti, 
as in the ca«e of the larger zones, to the curve at A saj 
at B or C (fig, 97) and then tracing the curve from tk 
intersection of the normals. It is obvious that theiv'iA 
will be one of considerable nicety, as the angle nf inci- 
dence for the rays is confined within very narrow liniia; 
for while, at the apes A, it does not exceed 45°, it mos 
not, at the points B and C, be less, when crown-g 
used, than 41° 49", This would diminish the width of 
each ring and increase the number required to 
plete a hemisphere. The adoption of flint-glass nouli 
therefore, be most desirable, as helping to extt-ud tlif 
limits within which total reflection might take plict 
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VARIOUS GENERAL CONSIDERATIONS CONNECTEB 

WITH LIGHTHOUSES. 

In the course of supplying the numerous wants of 
navigation, it will often be found necessary to cut o/, 
on a given bearing, the beam proceeding from a light- 
house, as a guide to the seaman to avoid some shoal, or 
as a hint to put about and seek the opposite side of a 
channel. This is attended with some little practical 
difficulty, especially in lights from reflectors arranged 
externally on a circle, because a certain portion of light, 
chiefly due to the divergence caused by the size of the 
flames, and partly to the diffraction or inflection of the 
light, spreads faintly over a narrow sector between the 
light arc and the dark one. It becomes necessary, of 
course, to make allowance for this penumbral arc by 
increasing the masked portion of the lantern ; and, 
vhere a very sharp line of demarcation is required, a 
board is sometimes placed on the outside of the light- 
room, in such a position, and of such length, that while 
it does not enter the boundaries of the luminous sector, 
it prevents the more powerful part of the penumbral 
beam from reaching the observer's eye. This efiect is, 
of course, more conveniently produced, where the cir- 
cumstances admit of its adoption, by distributing tb'^ 
reflectors round the concave side of t\ie \^iL\.«tii,\«^i 
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lie land ; but such an arrangement is inapplicable trl 
the illuminated aector exceeds the dark one. I hi 
found, by observation, that the sector intercepted t 
t^Tcen the azimuth on which the lantern is masked, i 
that on which total darknesB is produced to an obsp 
at moderate distances, may be estimated at not leBS ti 
3° for dioptric, and 7° for catoptric lights of the high 
class.* 

Those quantities may thercforu serve to guide 
lighthouse engineer to approximate more rapidly to 
object, as he will generally be safe in increa^ng 
dark sector, by one or other of the above t 
according to the kind of apparatus employed. Il 
not add, that in a matter of this kind, a final npf 
actual observation is, in all cases, indispensable. 

A few words on the subject of double lights, nati 
spring out of what has been said about the maskt 
lights. The term double liffhte is properly and i 
tinctly confined to lights on different levels, bat 
neceaearily (as leading-lights are) in geparat« t 
The sole object of using double lights is for ti 



" The method which ladopted fovdetennining thosei 
was to mask a certuin portion of the limtem of a lighthoMtl 
tending on horizontal sector of about 30° or 40", and atnfgl 
fix, bj actual observatioD, at the distance of A or 6 milMi 
points on the coast between which the light so ihhM ' 
obscured. Tlie angle included between the lines jointiijN 
points and the centre of the lantern was then detenniad 
triangulation next day, and half the diffete^icc botwwD tb 
eerved angle (which is always the teeeef of the two) anil tb > 
puted flDblenae of the masked sector of the lontem in, to I 
case, the amount of tXie nUuiiBW^ 'a^ied. la the t«zt. 



CONNECTED WITH MGHTIIOUSES. 151 



^^m neighbouring lights ; and thej are unqiieBtionably 
most effective in this respect, when they are placed in 
tiie same tower, and when the lower lantern is arranged 
jin the form of a gallery around the outside of the tower, 
afl at Girdleness in Aberdeenshire. In this point of 
Tiew, therefore, I shall speak of them ; and it is obvious 
titat the principal object to be attained is, that the dif- 
.ference of level between them shall be sufficiently great 
ito present the lights, as separate objects to the eye of 
the seaman, when at the moat dietant point whence it 
ia desirable that he should be able to recognise their cha- 
ijacteristic appearance. In many cases it is not neces- 
eary (but it ia certainly always desirable) that the lights 
should, from the first moment of their being seen, be 
1 inown as double lights ; but in others, it may well con- 
j^iBt with safety, that two lights, which appear as a single 
light when first eeen at the distance of 20 miles, shall at 
15 or 10 miles' distance be discovered to be double. Now 
ve should at 6rst be apt hastily to imagine, that all that 
it required to produce that effect is, to raise the one 
light above the other to such an extent, that the dis- 
iance between them shall be somewhat more than a 
^Vwnitmtm vieibile at the most distant point of obser- 
^tation ; or, in other words, that the difference of the 
height of the lights should be such as to subtend to the 
pye at the point of observation, an angle greater than 
13"'02, which is the subtense of a minimum vieibileiwe- 
^Bg the day.' But the effect of irradiation, to which I 



* Th'a quantity is dedaced fioDi observations made bj m^ friend 
Vlr James Onrrlner, while engaged on the OtAhmi'Wi fe^.^'Jts^ , a»5 
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have itlrcaOy alludi'd, tends to blond together the m 
of thf lights long before their distance apart has become 
HO low a fraction of the observer's distance from the 
lighthouse, as to eubtend so small an angle ; and I have 
accordingly found by experiments, conducted under 
various circumstances, and at varioue distances, that 
repeated observations {^ave me 3" IS*" as the mean of 
the eubt«Tii«es calculated in reference to the diBtanceB ftt 
which the lights began to be blended into one. 

Adopting this as the smallest angle which the two: 
lights should subtend at the observer's eye, we may 
find the least vertical distance between them, which will 
cause them to appear as separate objects, by the folloW' 
ing formula : — 

in wbicli a is the observer's distance in feet; ^, liiil 
tliu subtt-nsc, ^ I'dV"; uud II the ra|mred liei^'ht of 
the tower between the two lights in feet. The follow- 
ing Table gives the height in feet corresponding to the 
distance in nautic miles, from 1 to 20 inclusive: the 
heights, ivliieh are the bases of similar isosceles tri- 
angles, increase, of course, in an arithmetical series : 



may be resardcd as the extreme limit of visibility, under the 
most favourable circumstances as to the state of the atmosphere 
and also the contrast of colours. The observed object, also, wu 
a pole, not a round disc ; and it is familiar to everj one accas- 
Inmed to view distant objects, that vertical length is an important 
constituent in tbeir visibility. 
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HstMiceofth 

g^c Miles. 


Vertical diatance 

in feet between 

tbe Lights. 


Distanoeoftbc 
observer in 

NH<lticMil<!3. 


Vertical distanoe 
in feet between 
tbe Ligbte. 


^■1 


6-02 


11 


66-22 


Bs 


12'0i 


12 


?2-24 


Hs 


1806 


13 


78-26 


H4 


24-08 


14 


84-28 


Hs 


30-10 


15 


90-30 


Be 


36-12 


16 


96-32 


H? 


4214 


17 


102-34 


Hs 


48-16 


IS 


103'36 


Hs 


54-18 


19 


114-38 


m 


60-20 


20 


120-40 



the subject of Double Lights, is that of Lead- 
tiigJits, the object of -which is to indicate to the 
iner a given line of direction by their being seen in 
line. In most instances, thia line of direction is 
I to point out the central part of a narrow channel ; 
the alternate opening of the lights, on eitber side of 
r conjunction, sei-ves to indicate to the mariner (who 
it to conjoin with his watching of the lights the ob- 
ation of the elapsed time and also frequent aonnd- 
) the proper moment for changing his tack. In some 
es, the line of conjunction of the lights is placed 
■er to one side of a channel than the other, according 
le aet oF the tides, or the position of shoals, may seem 
quire. In other situations, this line only serves as a 
S'hearing to shew the mariner hia a; 
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" danger, or to indicate his having passed it, and lUi 

assure him of his entry on wider sea-room. Conai 

tions, similar to those which determine the differen 

Lelevation for double liijhts, regulate the choico o 

mistance hetween two leading Iight§ ; but the quesl 

B leas narrow, and may be generally solved graplue 

ny simply drawing the lines on an accurate chart q 

■locality. In some few sifcuationB, the configuration fl 

aoast does not admit of a separation between the lij 

Bfiufficient to cause what is called a sharp interseet 

■but, in most cases, there is room enough to pla«e 1 

■eo far apart, that but a few yards of deviation ii 

feasors course, from the exact line of the conjuBctii 

the lights in one, produces a distinct opening h 

Kthem on the opposite side of that line. In 01 

linsure the requisite sharpness of intersection, &9 

■tance between the lights, wherever attainable, aiufli 

root less than one-sixth of the distance hetireen thei 

P seaward of the two towers and that point at wfat 

seaman begins to use the line of conjimcticoi t 

guide. I have only to add, that, in situations wlu 

land prevents a considerable separation between It 

lights, they should be placed as nearly on one U 

is consistent with their being seen as vertically 

^^ rated, so as, in some measure, to compensate for. 

^^bhorizoutal nearness, by rendering their 

^^Kmore sharp and striking than it can be where thei 

^HTer must draw from the upper light an imaginu 

^H peudicidar in his mind, and then estimate the 1 

^^ftdon of the lights by the sine of aa angle. 
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I creases as the difference of their apparent elevations 



The considerations which enter into the choice of the 
I praition and charactor of the lights on a line of coast, 
' we either, on the one hand, so simple and self-evident 
■ 'U scarcely to admit of being stated in a general form, 
I without becoming mere tmiams ; or are, on the other 
' bsnd, so very numernns, and often so complicated, as 

scarcely to be ausceptible of compression into any gene- 
jral laws. I shall not, therefore, do more than very 
' l»riefly allude to a few of the chief coneiderationa which 
..^ould guide us in the selection of the sites and charac- 
mnstiG appearance of the lighthouses to be placed on a 
iSine of coast. Perhaps those views may be most con- 

Teniently stated in the form of distinct propositions ; — 

1. The most prominent points of a line of coast, or 
those first made on over-sea voyages, should he first 
lighted ; and the most powerful lights should be adapted 
to them, so that they may be discovered by the mariner 
aa long as possible before his reaching land. 

2, So far as is consistent with a due attention to 
dis^ction, revolving lights of some description, which 
are necessarily more powerful than fixed lights, should 
be employed at the outposts on a line of coast. 

3- Lights of precisely identical character and appear- 
ance should not, if possible, occur within a less distance 
than 100 miles of 'eachother on the same line of coast. 
which is made by over-sea vessels. 

4. In all eases, the distinction of colour should never 

Bited except from absolute necessity. 
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d. F^xed li);bu, and others of less power, ma; be cd 
rMwlily adopted in narrow eeas, because the can^t w 
the lights in encb aitiiations ia generall; Iokh than thftti 
i>f open Ma-lighte. 

a. In narrow seas alao, the diet&nce between lights (^ 
ibi! oainu appearance may often be safely reduced wi^Oj 
macb lower limits than is desirable for the greater »t 
light!). TUua there are many instances in which t 
diatance separating lights of tlie same character n 
not exceed 50 miles ; and peculiar cases occur in wbia 
wcu a iiincb leas separation between similar lights n 
be Hufiioient. 

7. Lights intended to guard vessels from reefs, shoftlar 
or other dangers, should, in every caae where it is prai 
ticable, be placed eeaward of the danger itself, as ikU 
desirable that seamen be onaMed to mal'i'. (he light? 
Willi r.mfi.k.iLeu. 

S. Views of economy in the first cost of a lighthouse - 
(should never be permitted to interfere with placing it 
in the best possible position ; and, when funds are defi- 
cient, it will generally be found that the wise course 
ia to delay the work until a sum shall have been ob- 
tained sufficient for the ei-cction of the lighthouse on the 
l>ost site. 

','. Tlie elevation of the lantern above the sea should 
not, if possible, for sea-lights, exceed 200 feet ; and 
about I'ji) feet is sufficient, under almost any circum- 
stances, to give the range which is required. Lights 
jilaced on high headlands are subject to be frequently 
wrapped in fog, and are often thereby rendered useless, 
at times when lights on a lower level might be perfectly 
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efficient. Bat this rule must not, and indeed cannot, 
be strictly followed, especially "on the British coast, 
where there are so many projecting cliffs, which, while 
they subject the lights placed on them to occasional 
obscuration by fog, would also entirely and permanently 
hide from view lights placed on the lower land adjoin- 
ing them. In such cases, all that can be done is care- 
fully to weigh all the circumstances of the locality, and 
choose that site for the lighthouse which seems to afford 
the greatest balance of advantage to navigation. As 
might be expected, in questions of this kind, the opinions 
of the most experienced persons arc often very con- 
flicting, according to the value which is set on the vari- 
ous elements which enter into the inquiry. 

10. The best position for a sea-light ought rarely to 
be neglected for the sake of the more immediate benefit 
of some neighbouring port, however important or influ- 
ential ; and the interests of navigation, as well as the 
true welfare of the port itself, will generally be much 
better served by placing the sealight irhere it ought to 
hCy and adding, on a smaller scale, such subsidiary 
lights as the channel leading to the entrance of the port 
may require. 

11. It may be held as a general maxim, that the 
fewer lights that can be employed in the illumination of 
a coast the better, not only on the score of economy, 
but also of real efiiciency . Every light needlessly erected 
may, in certain circumstances, become a source of con- 
fusion to the mariner ; and, in the event of another light 

. being required in the neighbourhood, it becomes a de- 
duction from the means of distiBgvi\ft\i\Ti^\\>ts:^'a^"*'"^'^ 
J^its which existed previous to ite es\.^\X\^TSi'eviL\» 
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needless erection of a, new lighthouae, therefore, 
not only expend public treasure, but waste the meso 
dJBtinction among the neighbouring lights. 

12. Distinctions of lights, founded upon the mil 
estimation of iotervals of time between flashes. 

^^especiallj on the measurement of the duration of I 
^^Mfid dark periods, are less satisfactory to the great 
^^Hfffity of coasting seamen, and are more liable to den 
^^^■ent by atmospheric changes, than those diatiscti 
^^^Mlich are fonnded on what may more properly be a 
^^H^ cJtaracteristic appearance of the lights, in iA 
^^H||e times for the recurrence of certain appearances di 
^^^R widely from each other as not to require for II 
^^Betection any very minute observation in a etot 
night. Thus, for example, flashing lights of five secai 
interval, and revolving lights of half a minute, ( 
^^^inute, and two minutes, are much more charactoii 
^^Bhan those which are distinguished from each otiitf ' 
^^HMiervals varying according to a slower series of ^,1 
^^0", 40", &c. 

13. Harbour and local lights, which have a QICI 
scribed range, should generally be fixed inateid 
revolving; and may often, for the same reason, 
safely distinguished by coloured media. In many cal 
also, where they are to serve as guides into a Mffl 
channel, the leading lights which are used should, ill 
same time, be so arranged as to serve for s dial 
from any neighbouring lights. 

14. Floating lights, which are very expensife I 
more or less uncertain, from their liability to drift Gf 
their moorings, as "woW as ift^eo^-^t in ^tower. sh" 

never be employed to mAic&te intoTnvR.%-\|tfts«.\'^v 



CONNECTED WITH LIGHTHOUSES. 159 

gation in any situation -where the conjanction of lights 
on the shore can be applied at any reasonable expense. 

The spheroidal form of the earth requires that the 
height of a lighthouse tower should increase proportion- 
ally to the difference between the earth's radius and the 
secant of the angle intercepted between the normal to 
the spheroid at the lighthouse and the normal at the 
point of the light's occultation from the view of a dis- 
tant observer. The effect of atmospheric refraction, 
however, is too considerable to be neglected in estimat- 
ing the range of a light, or in computing the height of 
a tower which is required to give to any light a given 
range ; and we must, therefore, in accordance with the 
influence of this element, on the one hand increase the 
range due to any given height, and vice versa reduce 
the height required for any given range, which a simple 
consideration of the form of the globe would assign. In 
ascertaining this height, we may proceed as follows : — 

Referring to the accompanying figure (No. 99), in 

Pig. 99. 

s J J* 
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which S' d L' IB a segment of the ocean's surface, tl 
centre of the earth, L'L a lighthouse, and S the posilii 
of the mariner's eye, we obtain the value of LL'=I 
the height of the tower in feet by the formula, 

H'=?^ (I.) 

in which Z=the distance in English miles L' (2 at whit 
the light would strike the ocean's surface. We ^e 
reduce this value of H' by the correction for saa 
refraction, which permits the light to be seen it 



21 ' 



(2.) 



So as to get, 11=^^-^ = ^ (3.) 

an expression which at once gives the height of ft 
tower required, if the eye of the mariner were jnKff 

the surface of the water at d, where the tangent betrw 
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Hr'ifind the height of the tower which answers the con- H 


iitioDS of the case.* From the above data the follow- H 


ng Tahle has been computed. H 


It. Rngllsli 
Mile*. 


X' 
Lengths 

Nautical 
Miles, 


HmRhte 
in Feet. 


Lengths 
English 

MilES. 


Lengths 

SautLeal 
Miles. 


H 


Lengtlie 

in 
Bnglisl, 
Miles. 


A' 

in 
Sau«c| 

Miles. 


2958 


2-665 


70 


11-067 


9-598 


250 


20-916 


18-1* 


4-184 


3-628 


' 75 


11-456 


9-936 


300 


22-912 


19-87 


5133 


4-443 


1 80 


11-832 


10-26 


330 


24-748 


SI -48; 


5-916 


5-130 


1 85 


12 196 


10-57 


400 


26-457 


22-94 


6-614 


3-736 


90 


13-649 


10-88 


450 


28-062 


24-33 


r-245 


6-283 


■ 93 


12-893 


11-18 


500 


29-580 


25-69 


7-826 


6-787 


100 


13-228 


11-47 


530 


31-024 


26-91] 


8-366 


7-255 


110 


13-874 


12-03 


600 


32-403 


28-lQ 


8-874 


7-69G 


120 


14-490 


12-56 


650 


33-726J 29-2£ifl 


9-35i 


8-112 


130 


15-083 


13-08 


700 35000 


».aa 


B-811 


8-509 


140 


15652 


13-57 


800 37-416 


^2-M 


10-346 


8-886 


150 


17-201 


14-91 


900 39-836 


si-siuM 


10-66S 


9-249 j; 200 


18-708 


16-22 


1000 1 41-833 


_3.J 


If the distance at which a light of given height can H 


* In the above expreBaioriB I and I' are given in Engliflh miles, ^M 
Bdch in Scotland maj be considered as bearing to nautical miles H 


e ratio of 52S0 to 6088. In order to concert a distance given H 


nautical miles to English milea, all that is needful is to add ^M 


« log of the number of naotical mUea to lug S2S0. and subtract H 


g 60SS. H 


A 




1W Ian: n -aw nzmiiCL -wTnct a^jy fl.■:<Ie*^i• TV I 

I UA^iQUL nmnijgnttiL: if zitf ri-Ti-rrrk: wiScfei runes 
:r -li 'i: :-iD"f. uj: Lfr£7Ttri:i ::c li-e- issa^dscf 

:.;vT-i. yrr tL-t ii tj_if »i~'*7i.-« ;f jfce aftn- 

■. 1- iiL-u-Lt^^'iEi i-^ ^--T!k.~r-! r- ^ii* «S«rs cf the 

■i;;" ■LIU rrf't.T,'.? fr::£Dfii5 iii'i ?::re-:ix:i ■■'Lich 5Bch 
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^^K'it safe to use more dender bin. and draa iIm fl 
^^ntelj legs light ie mtercepted. Tlie pum W ^am fl 
^^Bj Bame time becom« triusgaUr, sod ue iweeaMrily ■ 
^^^MT than rectangular panes of equal nufoce, Tiaa I 
^^^nf lantern is estremel; E^t and elegant, and ia fl 
^^^K( with detailed drawings of sMne of its prindpal ■ 
^^Bin Plate X. To aroid tJie ueceseity of fttint- I 
^^Hpich, in 8itaati<»is so exposed za thoM which li^it- fl 
HPHb generally occnpy, in attended with maoj inon- V 
. Teoiences and no Email risk, the framework of the Ian- ■ 
iem is now formed of gnn-metal and the dome i« of I 
. Mpper. A Iaat«m for a li^t of the &r«t order, 12 feet I 
Fas diameter, and nilh ^aea ^mes 10 feet hi^ ooMe, I 
nAen glazed, about £1260. In order to gire the tights ■ 
jr'lleepers free accees to cleanse and wash the upper paoea I 
of the lantern (an operation which in snowj weather I 
mBst sometimes be frequently r^>eated dtniog the night), I 
% narrow gangway, on which thev may safely stand, is V 
placed on the level of the- top of the lower panes, and at I 
l^e top of the second panes, rings are provided of which m 
the lightkeepers may lay bold for secnrily in stormj H 
weather. A light trap-ladder is also attached to the ovt- ■ 
'fide of the lantern by means of which there is an easy H 
McesB to the ventilator on the dome. I 

Great care is bestowed on the glazing of the lantern, ■ 
ia wder that it may be quite impervions to water, even B 
during the heaviest gales. When iron ia used for the I 
I^Bies, they are carefully and frequently painted ; but I 
gun-metal, as just noticed, is now generally used in the I 
Heoteh ligLtbouses. There La ^eat tv3^ «i^ ^'^ ^^^'^'kJ 




'iKrt* !<>iiuii!: atCiiasc ie m a aoifaiT ai^c or bj small 
«n)D<^ T-;,ifeidj irvKSL a^uasi die (aawm bj the force 

Tir' *aiila.a o fjf tae 1«ic«ti~ f jtbis & most important 

TD m tiw pre-erraaoii f a "Mii aci efficient light. 

lafM lin <•«! ha. t its ci.'tsimaallT covered I 

T r I n ai n which is prodaced bj 

1^ nin arrtnc of heated air ; and 

iTPi Jj tm the passage of the 

1 m n h he pr wer f the light. In the 

L V h e en la r . capable of being 

/ Jail a^lS'is oato admit from with- 

c d, ijiy far ftVieu re \\i i, are ■^tw\^e.V\x 
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parapet-wall on which the lantern stands ; the lantern 
roof also is surmounted by a cover which, while it closes 
the top of an open cylindric tube against the entrance 
of rain, and descends over it only so far as is needful 
for that purpose, still leaves an open air-space between 
it and the dome. This arrangement permits the current 
of heated air, which is continually flowing from the 
lantern through the cylindric tube, to pass between it 
and the outer cover, from which it finally escapes to the 
open air through the space between the coter and the 
dome. The door which communicates from the light- 
room through the parapet to the balcony outside, is also 
made the means of ventilating the lightroom ; and, for 
that purpose, it is provided with a sliding bolt at the 
bottom, which, being dropped into one or other of the 
holes cut in the balcony for its reception, serves to keep 
the door open at any angle that may be found neces- 
sary. A useful precaution was introduced by my prede- 
cessor, as Engineer to the Northern Lights Board, in 
order to prevent the too rapid condensation of heated 
air on the large internal surface of the lantern roof, 
which consists in having two domes with an air-space 
between them, as shewn in the enlarged diagrams in 
Plate X. 

An important improvement in the ventilation of light- 
houses was, some years ago, introduced by Dr Faraday 
into several of the lighthouses belonging to the Trinity 
House, and has since been adopted in all the dioptric 
lights belonging to the Commissioners of Nortketii. 
UghthouaeB. After mentioning se\^i:^ ^xq<As» <^^ ^^- 
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irenelj bad ventilfttion in lightkooMS, Dr Fariuia; &i 
dworibefi his &pparatii£ :* 

" The ventilating pipe or chimney is a copper tnb( 
4 iuchea in diame(«r, not, however, in_ one length, bi 
divided int« three or four pieces ; the lower end of eac 
of these pieces for al>oiit 1^ inch is opened ont into 
conical form, nliout '>i iiicLcs in dlametor at the lowo 
part. ^Micn the chimney ie put together, the upper ei 
of the bottom piece ie inserted about i inch into the coi 
of the noxf piece above, and fixed there by three ties i 
pins, «o that the two pieces are firmly held together 
but there is still plenty of air-way or entrance into ti 
chimney hotwoen them. The same arrangement hol( 
good with each Buceeeding piece. When the Ten< 
dtimscj ia fixed in its plaoe, it is w^ostfld so that If 
Innip-chimncy enters about ^ inch into the lower cone, 
and the top yf the ventilating chimiify enters into the 
cowl or head of the lantern. j 

'■ With this arrangement, it is found that the action I 
of the ventilating flue is to carry up every portion of 
the products of combustion into the cowl ; none paBses 
by the cone apertures out of the flue into the air of the 
lantern, but a portion of the air passes from the lantern 
by these apertures into the flue, and so the lantern itself 
is in some degree ventilated. 

" The important use of these cone apertures is, that 
when a sudden gust or eddy of wind strikes into the 
CO i'. 1 of the lantern, it aliould not have any effect in dis- 
turbing or altering the flame. It is found that the wind 
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^^^Bllow suddenl; in at the covrl, and the effect nevei; 
^^Hbs the lamp. The upper, or the second, or the 
^^^E or even the fourth portion of the vcntila^ting ilue 
^^■^ be entirely cloaed, yet -without altering the flame. 
^^^Bnne junctions id no way interfere with the tube in 
^^^RDg ap all the products of combustion ; but if any 
^^^Bfatd current occurs, tbey dispose of the wholo of 
^^^bthe room without ever affecting the lamp. The 
BRIw&ting flue is in fact a tube, which, as regards the 
n&np, can carry everything up but conveys nothing 
down." 

The advantages of this arrangement, aa applied to the 
Northern Lighthouses, were much less palpable than 
Aose which are described in the beginning of Dr Fara- 
fey's paper, because their ventilation was very good 
■ "before its introduction ; and the flame in particular was 
perfectly steady, being by no means subject to derange- 
ment from sudden gusts of wind from the roof in the 
muiner noticed above. 

All the lighthouses in tho district of the Scotch Com^ 
miasiotiers are under the chajge of at least two light- 
. keepers, whose duties are to cleanse and prepare the 
' Apparatus for the night illumination, to mount guard 
uOgly after the light is exhibited, and to relieve each 
other at stated hours, fixed by the printed regulations 
tad instructions, under which thoy act. The rule is, 
that no keeper on watch shall, under any circumstances, 
toftve the ligbtroom until relieved by his comrade j and, 
for the purpose of cutting off all pretext for the neglect 
bS this miiversa,! law, the dweliin^-lioMaei?. «t% V;SSt 
elcse to the Light Tower, and means aie ■^tw^.Q^ 
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making signals directly from the lightroom to the del- 
ing apartments below. The signals are eommnnjciirf 
by aii--t\\bes (P'ate XII.), which pass from the ligfetts* 
to the sleeping-ixpartmenta in the houses, and thr«i(lj 
which, by means of a small piston, or a puff of winJ 
the mouth, calls can be exchanged between the kwfa 
The man on guard in the lightroom, at the end of i 
watch, or on any sudden emergence, may thuaemn* 
hia comrade from below, who, on bein^ thns ai 
answers by a couutcr-blast, to shew that the smui' 
haa been heard and will be obeyed. For ihepoil* 
of greater security, in such situations as t!ieBell« 
and the Skerryvore, four keepers are provided f** 
lightroom; one being always ashore on leave witt' 
family, and the other three being at the ligbthouW! 
that, in case of the illness of one ligbtkeeper. an*™ 
establishment of two keepers for watching the hglitl 
remain. At a!l the land-lighthouses also, an »^«** 




CONNECTED WITH LIGHTHOUSES. 169 



El of tie two lightkeepers has a house for himself 
nily, both heiDg under a common roof, but enter- 
separate doors, as shewn in Plates XI. and XII., 
exhibit the buildings for the new lighthouse at 
Ardnamurchan Point, on the coast of Argyllshire. The 
principal keeper's house consiats of six rooms, two of 
which are at the disposal of the visiting officers of the 
Board whose duty in inspecting the lighthouse or 
Buperintending repairs, may call them fco the station ; 
and the assistant has four rooms, one of which is used 
M a barrack-room for the workmen, who, under the 
Erection of the foreman of the Hghtroom works, exe- 
cute the annual repairs of the apparatus. 

The early lighthouses contained accommodation for 
^the lightkeepers in the tower itself; but the dust caused 
ihy the cleaning of those rooms in the tower was found 
to be very injurious to the delicate apparatus and ma- 
chinery in the lightroom. Unless, therefore, in sitoa- 
I tions such as the Eddystone, the Bell Rock, or the Skerry- 
1 TOre, where it is unavoidable, the dwellings of the light- 
keepers ought not to be placed in the Light Tower, bat 
in aa adjoining building. 

Great care sbould be bestowed to produce the utmost 
cleanliness in everything connected with a lighthouse, 
^ optical apparatus of which is of such a nature as to 
BoScr materially from the effect of dust in injuring its 
polish. For this purpose covered ash-pita are provided 
ftt all the dwelling-bouses, in order that the dust of the 
fire-places may not be carrieil by the vfiud ta fete V\^\i- 
foom; ajid, for similar reasons, ixoii ftowa ?ixft-as«i^^ 
he ligbtrooms instead of atone, ■«^i.c\i.\a ot'tR'a.' 






Tt^ u-wu^nn,-!: 


- ■:-.-. -1 i;?- 


raiUtw- «uini ; .- 




<nm u>ihc»>f t 11 


. ^.'v: 


fc liauauiir au s^il; ?r-i:^ 


~ : -L. shadows 


awo i « aw Iicini ^ Ka. li - . ! 


. ■, r::c»I poai- 


iiio. u •:■ it l*i , jufcw; >■ ^ -_ 


ie:_ icdtseno 


rif- Hi. 


1 




■ CONfTECTED WITH LIGnTHOUSES. ^!^^^| 

%ith wliite paper on which the shadows fa!^^^^ 
nouB that the light at F would cause the object 
rst a shadow at SS, while the light at F would 
ladow at S' S'. But while the shadow at S would 
eive light from F, S' would receive light from 
at those two shadows are, in fact, the only por- 
the screen which are each illnminated only hj 
ihe lights, while every other portion of its sur- 
eives light from both the radiants at F and F'. 
ppose F to be the weaker light, we can bring it 
he screen, until the shadow S' 8', shall become 
in appearance to the shadow S S ; and we shall 
3 ratio of the intensity of the light at F to that 
,ight at F, as (F S')' is to (F S)^ which dis- 
nuat be measured with the greatest exactness, 
the mode commonly used in estimating the cotn- 
I intensities of two lights ; but there are various 
ons which are needful in order to prevent errors 
aring the deepness of the shadows, ajid to insure 
itest attainable accuracy in the estimate of the ^^ 
f the lights, which I shall endeavour briefly Nl^H 

lifGculties of estimating the deepness or sharp- ^^ 
the shadow is yery great, and many persons 
ite incapable of arriving at any right judgment 
natter. The same person also will discover such 
.ntable variations in his decision after observa- 
ble at short intervals of time, as, one would think, 
f arise from a sudden change of the intensity of 
oth lights. M. Peclet, in his Traite de Veclalr- 
tan , as the result of his experience (and I cai^^^ 

t M 
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fully confirm hia result by my own), that tliose diff 
ences depend less frequently on any real difficulty 
estimating the deepness of the shadows, than on v 
tions in the position of the observer, or rather in i 
angle at which he views the shadoirs, and that, aoii 
quently, in proportion to the distance between the i 
shadows, this source of error is increased. Any tlu|| 
like a glossy texture of the surface of the screen, whj 
then, of course, becomes a reflector, also tends to ^ 
vate this evil. Thus, if the two lights which are \t 
compared be placed on a table, in such situations a 
spread pretty far apart on the screen the shadows « 
vertical rod placed between them ; and if the Bhaj 
nearer to the observer soem to be a little deepc 
sharper than the other, let the observer look at & 
from tho other side of the table, and their diSe 
will be reversed, and that which seemed the paler, 
become the deeper. Again, if the difference betn 
the two shadows he very great when seen from the c 
side of the screen, it may happen that, on viewing tl 
from the left hand, the difference may still be in fai 
of the same shadow, but in a much less degree. 

" When I observed this effect," says M. Peclet * 
tried to view the shadows through a transparent sen 
but I remarked the same variations. They wore ind 
even more sensible ; for a variation in tho distwofl 
the eye of a few centimetres, made a prodigious chi 
in the deepness of the shadows. I observed also 
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Si afaadow was much deeper ^hen seen in the lino of 

■ light, and that, in every other direction, it became 
: in proportion as the eje receded from that direc- 

P-^ all the cases which I have just described, the' 
tences of the tints when the position is changed, in- 
e in proportion as the shadows are farther separate 

i they grow very minute when the shadows are almost 
liing each other. 
iiet A £ (fig. 102) be a white opaque surface, < 

Pig, 102, 




I laminons body, and m, a black opaque body, then theij 
hJow h' cast on A B, will appear deeper when observedtB 
1 P, than as seen from Q. This is a fact which may 1 
ttsily verified, and the cause of which is easily con- 1 
In fact, the surface AB, although it disperses 1 

■ light, must still reflect more of it, in the directions I 
"which the regular reflection takes place ; and heno« I 

■ Tays which are reflected round about the shadow, \ 
Ht have a greater intensity in the direction of P thaal 

^at of Q, and, consequently, the shadow b' must ap* I 
r deeper from the point P than from %. 
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" If we now place (fig. 103) two lights in front of 

PJg. lOK 




acreen AB, at such distances that the two shtAan 
and h' should have equal intensities, it is eTideottli 
if the eye be placed at P, the shadow b' muat appi 
more intense than the shadow a', and that the rera 
will take place if the eye be at Q. But the Jifltra 
which is then observed, arises not only from the diffi 
ence in the brightness of the parts surronndmg i 
shadows, but also from a difference in the intensitr 
the shadows themselves ; for the shadow V ia Hlffl 
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anomalies of a like kind which are obserred 

shadows are viewed through a translucent 

as paper or linen, may be referred to a simi- 

e. We know, in fact, that, in looking through 

ucent medium, we always, more or less, distinctly 

^^fiie luminous body behind it, and, also, that 

very large proportion of the rays which tra- 

^body, which stray but a little from the direction 

would follow if the substance were absolutely 

i-ent. Consequently, the space which surrounds 

■ieiw is more luminous in proportion as we come 

bo the direction of the shadow ; and as the abso- 

:ensity of the shadows diminishes as we come 

to the direction of the rays which light them, 

wo effects concur to increase the intensity of that 

V to which the eye is nearer. 

8 the dispersion by reflection is much more com- 

.han by refraction, the variations of which we have 

loken are much greater with a transparent screen, 

;h which the shadows are viewed, than with an 

3 screen (from which they are reflected)." 

mode of comparing lights adopted by M. Peclet 
^described by himself. " I view," says he, " first, 
fb shadows in such a manner that both of them 
h seen in succession from either side of the body 
produces Ihem, and at equal distances. For this 
w I use a good opera-glass. I alter the distance 
flames until in those two positions I perceive the 
noes (of the intensity in the shadows) to be in 
to directiona. The distances o? \\i^ \a.\cc§'s» \£ka?j 
r eoBsidered as very nearly m \\ie Y^or^^t ^i 
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tion for prodncing equal sKadows, and to. maJce fl 

exactly so, the differences, which are observed on t^ 
side (of the centre lino between them), should he e 
■nd, of course, the two shadowa themselves, seen Hi 
moment from either side of the opaque body, shon 
perfectly equal also.* These three observations, s 
mutually aerve to verify or correct each other, i 
with a little practice, to very great precision i 
result. We may, also, by using a narrow screea, ll 
the shadows sufficiently near to touch each otheia 
variations of the tints then become very small b; 
change of our position, and we may, in this ca 
content with observing them from one point. 
rid of large penumhrae, which are always an obstai 
forming a right estimate of the tints of the sh: 
place the opaque body very near the screen. 

"When we wish to make a great many ohse 
it is very convenient to mark divisiona on i 
(which carries the lights), in order to read o^ ^ 
of them, the distance of the lamps f 
which they illuminate. By this means, i 
tion need not occupy more than two i 
rally use a table CC DD (fig. 104), , 
long (6 feet 6 inches), by 80 centimetre 
8 inches). At one end I place the s 

" I prefer t* view the erterior portionB 
the central line itself, in which ooae the opaque rod It 
them, because, in this manner, I obtain u more coireetoo 
by the direct contrast of the surfaces than bj sucMMif* n 
lem, however quictlj token. 
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H|faite paper, dull (or not glazed), and kept in a 



r 






^ 



!!^^t:?!^^^^j.^ L' 



tical plane by two small pieces P and Q. Through 
point M, the centre of tte opaque body, I draw two 
IS M/ and M g, equally inclined to the central line 
. whose extremitiea V, a' are the asca of the two 
dows. These lines must be inclined in such a man- 
that the distance of the shadows may be a little lees 
n the diameter of the opaqne body, or so that they 
y actually touch each other, according to the mode of 
erving which you wish to follow. These lines M/, 
f I divide into decimetres and centimetrea (starting 
n the points a', h'), and over those lines I place the 
trus of the flames, so that the distance between the 
dows remains always the same, whatever may be the 
;ance of the lamps. In order to determine the dis- 
ce of each lamp from the shadow which it illuminates, 
ought, strictly speaking, to take the distance of the 
tre of tho flame b from the point a' ; but as the distance 
m the point b to the point a' differs little from the dis- 
ce between the points h and b', we nm.'j %,*%'«&». "^e 
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^^ latter for the former, without causing any aen^alik enM 
That distance may be very conveniently ascertained ■ 
taking the half of the sum of the distances of tliehtoM 
tremitiea j and d of the diameter of the pedestal of fll 
lamp. When the burner ig not placed over the MulMil 
the pedestal, we may suspend from it a small plumiDa 

I whose point will touch gome division and indicate fl 
Stance between the centre of the burner and the sbaJM 
" When the lights are coloured, the sbadowB i| 
coloured also, and it is then far more difficult to jdl 
accurately of their intensity. They may, in that OH 
he much better seen from the poipt sc, as the bn 
opaque body which ia interposed between them Teidfl 
the difference of colour less sensible to the eye, I 
" The opaque body M is a cylindric rod of iroiii vhfl 
upper part Is blackened in the flame of a lamp, in OM 
to prevent the reflection which might interfere witlLfl 
sharpness (nettete) of the shadows, and to make tM 
more distinct when they are viewed from the potntM 
I shall make a few trifling additions to M. Fedfl 
clear description of his excellent mode of mea^uringl 
intensity of lights. It is, of course, presumed thnMfl 
out that the centres of the flames should be on one IBM 
and I have found it most convenient to place the llH 
on small carriages with rollers, which are giiidedl 
-means of fine strips of wood nailed along the tabtfl 
I, the directions g M and/M, and carrying the dirifl 



* Those wbo feel a, curiosity to look farther into thi* n 
vj consult Count Rumford'a elaborate paper io tlu flnl 
I79i, p. 67. 
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scales of centimetres. This affords the means of making 
'any alight change in the position of the lamps so easily, 
as entirely to avoid the diaturbance of the flame which 
ensues from lifting the lamp and readjusting it in 
another position ; and will, in practice, be fonnd very 
convenient when many observations are to be made. I 
have already said that my own experience has satisfied 
me that, with the aid of a good opera-glass, the central 
.observation of the two shadows, with the opaque rod 
between them, ia by far the beat, and conducts, at once, 
to a. result which is confirmed by the observations of two 
. Msistanta who watch the shadows at the same time on 
I opposite sides of the table, and at equal distances from 
I them. I have found it convenient in comparing lights, 
I to cover the table with dull black linen cloth, and to 
' sorroimd it with curtains of the same material, hung 
from slender brackets, in such a manner as to leave 
E^ace for the observer to move freely round the table 
■within them. The curtains prevent reflection from the 
walls of the chamber in which the experiments may be 
: conducted, and also lessen the disturbing effects of cor- 
I Tents of air. "When a comparison of the intemity, and 
not of the aggregate power of two flames, is to be made, 
Litis necessary to adopt the precaution of inclosing the 
lights in opaque boxes, with slits of equal area in each, 
placed on the same level, and so arranged, in reference 
to the flames, as to be directly opposite the brightest 
portion of each. After what has been said, it will be 
almost needless to add that the quotient of the square 
I of the greater observed distance divided by the lesser, 
U the ratio of the illaminaiing power of tli£ two famxt.. 



V-lUOOS ^IMCttAL COS?tDK]tAnOM» 



EA aanaient node of registering oloemiiou 
k «&»& Bi poMtHy prftctiacd, is is the fbimtl 
Bk* tfce KiUowinjS : — 




■ s stoa^a^ haip bjf vhidi to test olfaerB, I lielU 
■Kil iwyiii I !• to the tart Carccl Iftmp, nfei 
i A e^rWork moTCTDent, antl whose flame contino 
ci. ■■'.—..,<,■ :ra r.nvtT I'-T a'joiK f^nir hours after it ie 
It^hti'd . itter wiiii-h it maintains its state permajientlj. 
until tho *iipf>!y of oil fails. This fact was verified bj 
M, IVfit't with cho iiivatest care. " I took," saja he, 
•■ :»o similar lamps. Thev were lighted at the same 
tiirc. ;nul thfir rvlacire intensities were measured. One 
>»*.< Ti-.o'.i o^tin^iiishoil, without touching the wick, and 
■;< >-',,-v-Vwv'rk r.;oK'!uom was stopped. One hour after- 
rt,;r.i>, 1 sf[ the olkH'kwork in motion and relighted 
;h,' ■-■*"■,•,-. t'u; n ithout touching the wick. It was found in 
;!\o sa'.v.o «;tte a,-; .it itif lirst comparison, and I measured 
it,* iv,;.T,^ity in rcforonce to the first- Those experi- 
fii{'!;rs I n'fHnitod ovcry hour, and these are the results 
which I oMaiiiod. Tl\c\am^'wVi'i^\'ialA.'S.<i."V,\'4'^'iS, 
»■/JiV/l^omainedcontinna\^yWTTMvg,^^^|^*-^^■«'^^^^ 
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■ only lighted during the eontinuance of tho (ancce! 
») observations." 



Timea of 
Observatba. 


Intensities. 


Lump, No. 1. 


Lamp, No. 2. 


H. M. 






5 30 


100 


100 


6 30 


103 


100 


7 30 


106 


100 


8 30 


110 


100 


9 30 


117 


100 


10 30 


117 


100 


U 30 


117 


100 


12 30 


117 


100 



liis curions scale of increase in power, seeina to 1 

felj due to a peculiarity of the manner in which the 

that deriYGS its aupply of oil by clockwork, 

! heated ; and the effect may be described i 

: The heating of the wicks, the chimney, anct 

I oil in this burner, aa in that of all other lamps, ten A 

Escrease tho light ; but, in an ordinary lamp, actinf 

Ea constant pressure, this maaimum of heat is aooa 

Kined ; whereas in the clockwork-lamp, into the burnci 

Jfhich the oil is thrown np by a pump, the whole < 

^:oil in the cistern must reach its maximum tempera- 

I hefora the biet effect of that lamp is produced 

r this state has been reached, there is no distiirbiii( 

[iience at work, and the lamp burns steadily as lonj 

I as the oil lasts. 



w 
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I have myself tried what may naturally appear t 
the most simple mode of obtaining an unvarying sU 
dard-light, hy employing a gas-hurner, supplied frga 
gasometer under a constant pressure ; but I founiT 
very difficult to obtain satisfactory proof of the c 
staney of the pressure ; and in a large town, whfl 
there are many burners around one, their lighting B 
extinction is found to exercise a material influence D 
changing the condition of the flame. I mast conl 
that I have always been disappointed in attemptitta 
use a gas-flame as a standard of comparison. 

A very convenient form of photometer has beenn 
vented by Professor Bunsen of Marburg. It consisl*!? 
a disc of writing paper, in the centre of which is 
"with a camel-hair pencil dipped in sfieniiii 
•Bolved in naphtha, a ring, surrounding a sm:ilj 
spot. At a fixed distance iehind this disc i^- 
light which ia not liable to variations in inten- 
one of the two lights which are to be compared 
in front of the paper disc, and is made to a]i| 
until the spot within the spermaceti ring ili 
The distance of the light is measured, and t!i 
then removed ; after which the othor light i - 
in the same manner, and the distance at m 
spot disappears is measured also. The ratii 
squares of the two distances from the paper disc «jy 
accurately represent the relative brightness of thoH 
lights thus compared. The disappearance of the t| 
within the ring, is obviously caused by the mm of 1 
lights reflected from it, and transmilled (ftroi^hh 
equal to the sum of the lights refit 



c 
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wtnitted by the translucent ring of spermaceti. 
f coarse aBsraned, that the light behind the paper 
remains constant-in intensity and distance; and, 
squently, the light transmitted by the central spot, 
and also that transmitted by the Hng will be invari- 
able also. Since, then, each of the lights, which 'are 
compared successively, cause the central spot to dis- 
appear, it is evident that in both cases the light which 
fjuJls from them on the paper must, at its surface, be 
'laqually bright; and, therefore, the ratio of the squares 
of their distances from the paper is a true measure of 
'their relative brightness. 

A less accurate approximation may also be made, by 
Fentstituting for the paper disc of Bunsen, one of the 
Ismail revolving beads of silvered glass, by means of 
fVhich Professor Wheatstone describes hia beautiful lu- 
iji^oiiB curves. "When a single bead is made to revolve 
i^ a ellipse, so prolate as to appear like a straight line, 
usnd baving its conjugate axis at right angles to the line 
joining the lights, the position of the bead, when so 
[adjusted in the line joining the two lights, that the lumi- 
.nous bands on cither side of it appear of equal, width, 
/gives the means of determining their relative power. 

There are various dangers on the shores of Britain, 
more especially at the entrance of the great estuaries of 
^England and also in Ireland, whoso position is such as 
to put them beyond the reach of regular HghthouseB. 
Sand-banks wiiieh are too soft to sustain a solid struo- 
.tnre, and have too deep water on them to admit of the 
liftrection of screw-pile lighthouses, are often the sites for 
mooring light-vessels, to guide the mariuer wAsi 'Ota 



VARIOUS GENEHAr, C'ONSIDF.HATIOSS 



entrance of somo estuary, or enable Mm to tliiead I 
way through the mazes of gata and channels, « 
even during the daytime, baffle the mariner, whtiq 
no natural ohject on the low sandy shores of the » 
bouriDg coast to help him to guess at his true j 
The first light-vessel moored on the coast of ( 
Britain, was that at the Nore in 1734. There a 
no fewer than 26 floating lights on the coast of Ei 

By theiindneas of the Elder Brethren of the Corp 
tion of Trinity House of Deptford Strond, I am e 
to give the following brief stetch of the nature and p< 
liarities of floating lights which was contmunicatedtol 
by Mr Herbert, the secretary of the Corporation ;- 

" The annual expense of maintaining a floating H 
including the wages and Tictualling of the cre», \ 
are eleven in number, ia, on an average, £1000 ; : 
first cost of such a vessel, fitted complete with lai 
and lighting apparatus, anchors, cables, &o., it 
£5000. The lanterns are octagonal in form, 
inches in diameter; and, where fixed lights aree: 
bited, they are fitted with eight Argand lamps, e 
in the focua of a parabolic reflector of twelve i: 
diameter ; but, in the revolving lights, four I 
reflectors only are fitted, The greatest depth of t 
in which any light-vessel belonging to the CorM 
of Trinity House of Deptford Strond at present ri 
about 40 fathoms (which is at the station of tiie ■( 
Stones between the Scilly Islands and the c 
wall). 

" The Corporation's light-vessels are i 



r 
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jisCDor of 32 cwt., in which cases the chain-cables are 
300 fathoms in length; some of the said vesBels are 
moored to span-ground moorings, consisting of 100 
fathoms of ehain to each arm, and a mushroom anchor of 
similar weight at the end of each ; a riding cable of 150 
fathoms being in such casea attached to the centre ring of 
.lie ground chain. The tonnage and general dimenatons 
of the light-vessel are given on the drawing of the lines." 

i Still lower in the scale of "signs and marks of the 
»a," are beacons and buojs, which are used to point 
out those dangers which, either owing to the difficulty 
lod expense that would attend the placing of more effi- 
cient marks to serve by night as well as by day, are 
neoesgarily left without lights, or which, from the pecu- 
liarity of their position, in passages too intricate for 
navigation by night, are, in practice, considered to be 
sufficiently indicated by day-marks alone, Beacons, 
as being more permanent, are preferred to buoys ; but 
they are generally placed only on rocks or banks which 
lire dry at some period of the tide. On rocks, in ex- 
I posed situations, beacons are sometimes of sf^uared 
maaonry, secured by numerous joggles ; but, in situ- 
ations difficult of access and in which works of un- 
completed masonry could not be safely left during the 
irinter season, an open framework of cast-iron pipes, 
finoly trussed and braced, and secured to the rock with 
strong louis-bats, is preferred. The details of this 
• ftamework are shewn at Plate XIII. A stone beacon 
of about 40 feet high may te erecteiJ, ^ot afeii-iA SU"^. 
^tb e iron j&eacon shewn at Plate "X\^. ^o^ 
a lesa exposed places, ■wlaere tUe \)Qt^"!fi- 




rt'Hect,iir: 
in wliiHi 
I'f TriDilj 
about 40 Cb 

nail}. 

clia. 



i^ZWi^- 



liatl fonn of beaeoa, cotnpc 

frith fboges and screwa, •« 

Aod partmllj filled with 

A boacon of that kind ci 

Bmr be rcgiu-ded as tbe I 
a» bearing the same n 
;ht does to a lighthoa 
whioh are always cove 
<i alsD to line out the falnrays a 
tiav* ki&di!, viz., the A" 
K ^mUe, generally troi 
iDik»t or frame of cage-D 
ttB to float in a Terticall! 

ich 13 

,: IhiiIi i'Uil.^. bat almost esclusivi 
L AiTiJs of vessels riding at moor- 
iTB ot various sizes and differ in I 
[Tjiu ll> to 15 feet in length, coBt 1 
.6-. and thoseof the RibbleandtlW I 
luiL 2+ feet long, cost respectivelj 1 
( aw-^uus are from 5 to 8 feet long, I 
lii*. lu £20, 5s. Smaller buoys an 
.'^UATiea or rivers. Large buoys are 
nuuies resembling the timbers of I 
ic-^*wv IS generally 13 feet long, and 
buoys are formed of strong 
-wped with iron rings, anfl 



atv Q^SJi?'^^ ^"^ 
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BiBiii B of oak or iroD, formed with a raglet or groove to 
! receive the ends of the staves. Much skill, on the part of 
the cooper, is required in heating and moulding the staves 
to the required form ; and great care must he taken 
that they be of well-seasoned timber. Buoys are not 
. ca.alked with oakum, but with dry flags which are closely 
' compressed between the edges of the staves and swell 
I' on heing wet ; and they are carefvdly proved by steam- 
' ing them like barrels, to see if they be quite tight. 
Sheet-iron is sometimes used in making buoys, and they 
' txe then sometimes protected with fenders of timber ; 
j. but they have been found more troublesome for tran- 
i -sport and, for most situations, are considered less con- 
venient than those of timber. An attempt has lately 
. been made, under my direction, to construct buoys of 
I ffntta percJxi, stretched on a frame of timber ; but I can- 
j not at present speak confidently of the result. 
I In the beginning of 1845, I suggested the idea of 
! rendering beacons and buoya useful during night, by 
' coating them with some phosphoreecent substance, or 
' surmounting them with a globe of strong glass filled 
with such a preparation, whose combustion is very slow, 
. and emits a dull whitish light and little heat. Some 
I, experiments were accordingly made ; but no practically 
1 useful result has been obtained. 

! In laying down beacons or buoys, their position ia 
j fixed either by the intersection of two lines drawn ■ 
' through two leading objects on the shore (the mag- 
I netic bearings of which are given for the sake of easy 
j reference on the spot, in finding out the marks), or by 
' means of the angles contained bftt'weeii 'Vviia*, ixw«\i. M 

La I 
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gnrel, or bard nand, a conical rnrm of bn o-i i 
of cast-iron plat«e, united witL Baiiue* %• '* 
nist-joi&te between ihem, aud j'ltrtiully^? 
Crete, is wmetime? used. A beantQ -k, i^ i 
bt erected for about £400. r.i. 

Lastly, baoys, which maj be fouuimc 
efficient kind of mark, and as beurimr i*ri*uiii^ 
to a lieuron ibat a Soating-liglit doe- n. Wi>i!'c, 
u«ed to mark bjr dsjr dantftr* nhiohiiti m t" 
eren at luw irater, ami alao la Ibu uiaguatic 1 
ehanni>1«. Thej are of three lUl*d**c* monrod by n 
in the form of a parabolic epindlCf ^ tafflnitiut alloww 
one end, bo as to carry a maet or tttA Ikcia Ui ridt M 
loaded al the utlier fj]A. ^'.- i- ■ 

used for carrying the ivarpB ul ^e icamed, with regret, \ 
Thoso buoys are of vatu rmioent engineer ivLo ' 



.'(ist. Mast-buoys, from 10 t-. 



fnim £23, 15g. to £48 
Tay, which are 21 and 21 
£1(1". and £79; the O/. 
and cost from £13, 1 : ; 
alsd usod in narrow c^i -i 
often liuilt on knee} fi.n ■ 
vessels. The Cask-ljiio, 
costs £22, 15a. All ■' 
oaken barrel-staves. 
sbieldeivith soft tun. 



it had disappeared 

.■-' I'-'braary last. No I 

Niiitinn in which the 

■ the storm ; and it 

! L'onjcctures as to 

..I'T? destroyed ; but 

:.- :1m doubts which 1 

i.Di-si uf such a struc- 

.';i.' of heavy waves, 

weiifkt instead of 
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rhe Lamps sliall be kept burning bright and dear every 
irom sunset to sunrise ; and in order that the greatest degree 
nt may be maintained throughout the night, the Wicks must 
Immed every four hours, or oftener if necessary; and the 
5r who has the first watch shall take care to turn the oil 
I so as to let the oil flow into the Burner a sufficient time 
5 lighting. 

The Lightkeepers shall keep a regular and constant Watch 

Light-room throughout the night. The First Watch shall 

at sunset. The Lightkeepers are to take the Watches 

ately, in such manner that he who has the first Watch one 

shall have the second Watch next night. The length or 

.on of the Watch shall not, in ordinary cases, exceed four 

; but, during the period between the months of October and 

1, both indusive, the first Watch shall change at eight o'clock. 

ifVatches shall at all times be so arranged as to have a shift 

dnight. 

. At Stations where there is only one "L^^^Vtcoqtki, NJaa ^sS^ 



duty sh&U be Md out in two departmenta, and the Liglilb 
■hall change from one department to the other trrerj Sat 

IV. FiBST DsFjutTHEiTT. — The Lightkeeper who bat tliii 
partment ehuU, inunediatel; after the mommg Watd, polii 
otherwise cleanse the Reflectors or RcfractoTB till thejarebm 
to a proper state of brilliaDcy ; he shall also tborougU/ eld 
the Lamps, and carefuUjdust the Chandelier. HeEhallf^ 
the Burners with cotton, the Lamps with oil. and ehsll harem 
thing connected with the Apparatus in a state of leadiiMi 
lighting iu the evening. 

V. Second Dkpartmknt.— The Lightkeeper who ta * 
dejmrtmeot ahull oleanee the glass of the Lantern, limMl'** 
copper and braea work and utensils, the walls, floors, mi "^ 
of the Light-room, and the apparatus and maohinei7 tlW* 
connected; together with the Tower stairs, ]iaBMge, daw,* 
windows, from the Light-room to the Oil cellar. 



VI. For the more effectual cleansing of the glasa of lit 1* 
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r 

■Igkoftliis watch uliiiU perform the whole dnty of trimming 
Blending the Lights of both Light-rooms till the expiry of 
"sick ; and, in lilce maimer, his aucceseor on the watch shdll 
bnn the whole duty of both Light-rooms during his wateh. 

d. The Lightkeeper on duty shall on no pretence n^hatever, 
Bg hia watch, leave the Light-room and balcony, or the pas- 
leading from one Light-room to another, at stations where 
'are two Lights. Bella axe provided at each Light-room to 
la the Lightkeeper rm duty 1o summon the absent Light- 
er ; and if at any time the Lightkeoper on duty shall think 
reaence or iiasistimrc of the Lightkeeper not on duty is neces- 
l»e shall call him by ringing his bell, which should bo imme- 
y- answered by the return-signal, and the Keeper so called, 
I repair to the Light-room without delay. In like mmmer, 
"the watches come U> be changed, the bell shall be rung to 
^O Lightkeeper next in turn. After which the Lightkeeper 
ty skill, at fti'g peril, remain on guard till he is relieved ty 
S^tkeeper in person who has the next watch. 

• ShoiUd the bell of the Lightkeeper, whose turn it is to 
t goard, happen to be in an unaerriceable state, the other 
>-bell shaU be used, and some of the inmates of that house 
«all the Lightkeeper not on duty, so as by all means to 
i IfiaTiJig tbe Light-room without a constant watch during the 



i The Principal Lightkeeper ia held responsible for the snfoty 
good order of the Stores, Utenaila, and Apparatus of wh&t 
I soaver ; and for every thing being put to its proper use, and 
t in its proper place. He shall take care that none of tha 
ea or materials are wasted, and shall observe the strictest eco- 
jr, and the most carefiil management, yet s 
y leapeot the best possible light. 



L The Principal Lightkeeper shall daily ei 



ZJ 



■am uf Oil and iithnr StoreH fi>r Uic iik of lli« LJglit- 

(til b to >« meuuivtl hy tho AePiFtitnt, nt tiie aiglit of the B: 

rif^ l.i|[htk«Ti!r. The LiglitliMprfs « 

til* Titniiiur-fa-r« Btlsched t" the Cmnes of the Oil Cwterna, i 

dnvtiifc Oil, hutihaUmiuuVf nnii ifepoaitthem pDlheTmyhf! 

tbeOan 



N 



XU. The Lfghtkwiwr nhal] krep n daily Joiimfll of the ion 
iif (Ml Vkpeniltnl, tlie routine of their duty, and the State of* 
THilhfT. rtnbMlviTijr any other remiirtB that may oo 
ihaD h« wTitu>ii III the Ji'iirnni-BookB. to be tept at earh Btaf 
fcr tlw |i*ir]iaiii>, nt tho )icri[)dB of the (ioy when they ot 

nu wroaot tn; trosted to toamory. On the fint d 
lA Ihey shall make op and Irsnamit to the Engii 
wMch rii»U be an nnniTftte copy of the Journal for thepw- I 




«!ii,0, <h-.\V h^ipi.,'.! Avitlni] Ih.' distrirt i>f tlic Light-' 
l—iiSi, luiil ].i i-dUt all a'lviuiil llioivul'. uciordinglii tilt prescribed 
fitnii, in a BoiA furnished to each Station for this purpose ; and 
in fHi* iK^vuni ihey »hiU state whether the Light was seen bj 
aur .'lie .in Ivani ihe fhipwreded ToEsel and reeogniied by them, 
■Js) K'w iixng it w»-» S6*n before the Vessel struck. A cojiy of thi« | 
Mit;y«k»ll «*« ibf Ship»-it*fced Return, to be forthwith for- 
•»nJ<si ti> (be Enijiiieer. When an*" application is made to ths 
l.iirfilVtv^tTTS fiir Lnfi'TTiiatiun as to shijiwrecks in the neigk- 
««-4tT*>.**l .•t'»W Sra-kin. or a* to the sTate of the weather, ui Ihe 
r,.1■..•,J^■;::■!■.I ai!ii airani^'jnent of the Lighthouses, they are to 
.v.rwt -,-,■ sp[i;i,-snT* :o rt.mmunieate with the Engineer orSene- 
;*-' ,; ;:■. Vv'akii ir Kdinbui^h. 

\'.\ A Rvk, rtiT:ra;ninir a noie of the ^'essels parsing etek 
■; •.i--'.-. ,s.-, s?:atl V ki'j>i : and an aimual Schedule, shewingtke 
..-.- Vr , ■: \ csftU i- ,^^h month, shall be sent to the Engineer 



I rVsTRDCTIONS FOE UCfHTKEEPERS. 197 

1 XV. ThG SlontUy wid SWpwrock RetumB are to be written hy 
file AEaistant, and the aoioinpanying lettcrB by the Princijia] 
Iij^tkeeper. Tho wholo shall be carefully compared, iind the 
jidditiDiis of the yarious columns tested by both Llghtkeepers. 
tofao shall also sign the same as correct, according to the printed 
JEtenOv and the rrincipal Keeper sbail despatch by post to the 
Bngineer as soon as possible. The accounts presented iit the 
jtiighthouseB are to be carefidly eiamined and checked by both 
biglit^eperE, before being Bent to the Engineer. 

L XVI. For each Station there shall he at leaat one person resi- 
Bant near the Lighthouse, who shall be fiilly instructed in the 
Mtok practice of the Light-room duty, and ehall come under an 
Mjceement to he always ready to tnte the place of either Keeper, 
jn 'ttee of sickness or other emergency. This person shall 1w 
Mjled the " Occasional Keeper;" and he shall be duly instructed 
fe Oie duty, and qualified for this trust by u residenw! in the 
K^thouae, and course of trauung in the whole of the doty dur- 
Sbg not less than three weets for t)ie Reflecting, and four week* 
K)r the Refracting Lights. For the purpose of keeping up the 
kcaotical knowledge of the ' ' Occasional Keeper," he shall be an- 
masUy called in by the Priniiipul Lightkeepar to do duty for a 
Sbrtnight in the month of January ; and the same shall be stated 
SB the Monthly Letter. At iuawessible Btations, where there ore 
J^ra "Occasional Keepers," they shall eauh serve a fortnight in 
MADoaiy, and shall, ae much us possible, be called in alternately 
to do duly. 

I SVn. Thi; Principal Liglitkeeper is held responsible for the 
Jp^nlarity of the Watches throughout the night, for the cleanU- 
Wss and good order of the Rcflffl^tlng or Refracting ApparntnB, 
IMBchinery, and Utensila, and tor the due performance of the 
'Ifrliole duty of the Light^room or Light-rooms, as the case maybe, 
Mrbether performed by him personally, or by the Assistant. 

I XVIU, The Principal Lightkoeper is al*a ha\4 Tea-jro^'SAeiSssi 




XX- WhB «an> <tf njtind ne to -b iMrfed far flw « 

rn n^ Piwaiiid JJg kHm fa bmI, ^w tkac xM- ' 



XiJ Tut Li;BJi*»firT« «w Ui mikc ■ Btpin of the qualitj of 
'^ i^CTt. ia iM M-iciiJ_T Rfiiiru f>r MipA uiDuallT. or earUpr , 
•^•QJi 'in^iBtiaxieift jv^ier -iii* tKrrsf^zj ; tnd diU Report muEt 
i«vo*d stoB ^pccii] trill «f the seven] Cfelems of Oil and tha 
■ .iker «i-ns in ■ieail. K>ih a: »iie time of receifing them and «fter 
:":-; Ti->;riai»* ■.•I'rb* wioier months. 

XXI ; \-. all S:jT;-..ii- wh-VM' Peal Fnelisinuse. there must be 
- ■- J. j:_-.;t_v ,if Pea:s pnjTide"^. that the Stock of the former 
.,j7 -bill !>■ 3 iuifi-'iriit supplj" to the end of the curtent year. 

XXIII. ShutilJ the supply of any <>{ the Lighthouse Stoies at 
i-iT :li::„ apj.^ar tn the Prineipal Lightkeeper to be getting short, 
•'.' ^^ :l:.rrvbv to tndangeT the regular appearance of the Light, he 
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» guided by pradent* in reducing tlie stated number i)f Bumera 
ntil a Bupply be received. 

I.XXIV, The Lighthoapers are prohibited irora carrjiug fin any 
* buBinesa whatever. They are ulso [irohibitad from hftV- 
g any boarders ur lodgers in their dwelling-houieB, and trom 
Bflping dogs at the Lighthouse establiahment«. 

'XXV. The Lightlteepera ore al«u directed to t4ike care that oo 
■nggled gooda are harboured or concealed in any way in ot about 
p Xiighthouee premises or gruunda, 

^CXTI. The Lightkeepers liave p<TniiaBion to gu from home to 

W tbeir salaries, and alao to uttpnd church. The Aaaistnitt 

i^tkeeper, on all ocEasiona of leave of abaencu, must ooiiBtilt 

he Principal Lightkeeper m to the proper time for eiioh leave, 

nd obtain hia conaent; in like manner, the Prim'ipal Light- 

IMIIM shall duly ititiiuate hia intention of going feom home to the 

dksmstant Lightkeeper ; — it being expressly ordered that only one 

^■I^tkeeper shall be ahaeut from the Lighthouse at one imd the 

%raetime. 

^ XXVIL While the Principal Lightkeeper ia absent, or is in- 
^imiii itiitiiil for duty by siRknesa, the fiill charge of the Light- 

mmm duty and of the pTemiaes ahall devolve upon llie Assistunt, 
^tfao «hall in that caee have aocoas to the kpya of the Lightroom 

%H(Nrea, and be held reaponaible in all respects as the Principal 

E keeper ; and in caaa of the incapacity of either Lightkeeper, 
BiBlance of the Occasional Lightkeeper ahaU be immediately 
in, and notice of the same given to the Engineer. Notice 
F^ te taken of any such ocourrencps in the Monthly Return, or by 
l^peciftl letter to the Engineer, should oireumstances render thi« 



XX^^U. The LightkeejK-rs are required to be sober and ii 
^natrious, cleanly in their ]iersonsa:id linenB.andiifd.eiV^m'OBB 




'kairautfer V kiting a Li^^i-nvic: riial) be 
4t> ^vrt kit tliii Afpiirani^. t-e make I>rawiiig8. or b) 
XXI' "^"mt—'- iiii1l>iiii )iii shall prodiKv a written authorilj 
llanMurwiW'KUk.^u IMMoucul the Board. 



, ^ .- .IV U) apfMiir in thi;ir Unifurm-dres* 

■iiiuii,-an.uHi* vr IVini-ijiiil Offioers. visit a Sta- 

>aaiJjj L uii which day. at noon, the weather 

-...i^ii.ii..--.' llag shall be hoisted by the Aasiatant 

- iL'swuixi by the Principal Lightkeeper, 

.,.. . ■t'ui>i>i iiutil Bunset. 



.\i.i«uiits due to tradesmen and others 
i-veai'ty Terms, the Principal Keeper 
s ..li thu parties to whom money is to be 
.^ uMuc may reach them direetly from 
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Sums daimed.'* The first Pajior must contain a list of the small 
Soiiu mentioned below, and his own customary claims. In t)io 
■eeond Paper the Keeper will enter his own claims in detail, the 
amount of which will also be entered in the first ; and he will, at 
the same time, give a copy of the Form to the Assistant for tlu' 
entxy of his claims. The Principal Keeper will send dire^^t to the 
Engineer all other Accounts incurred for "Work done at the TJglit 
lioiue, as soon as the Work is committed, without waiting till tlie 
end of the half-year. The Half-yearly List will thus nu'rely 
indnde any small Accounts, such as those for Washing, Oarriage 
of Letters and Parcels, Rents of Seats in Church, Slioeing the 
Hone, and other small customary charges from the Keepers. 

XXXII. In the event of any neglect oci'urring in the perform - 
anfle of any part of the duties required from a Lightkeeper. the 
offending party shall, jointly with the other Light kiH'per or 
Lightkeepers at the Station, send imtnediate notice of tlie cir- 
enmstanoe to the Engineer ; and, in the event of one party refus- 
ing or neglecting to concur in- giving this intimation, the others 
(whether Principals or Assistants) shall procoiMi to give the. notuv 
in their own names. 

XXXni. The breach of any of the foregoing Rules and Instruc- 
tions shall subject the Lightkeepers to dismissal, or to such otlutr 
pimishment as the nature of the offence may re(]uire. 

XXXrV. It is recommended that the Principal Light-keeper or 
other Principal Officer at the respective Lighthouses for ilie tinu) 
being, shall, every Sunday, perform the service poiiitcwl out for 
the inmates, by reading a portion of the ScTiptiiros, and any other 
zeligioxiB book furnished by the Board, and thtj jirayer f:oin|Mis(Hl 
for their use by the Rev. Dr Bruiiton, one of th(} Ministers of 
Edinburgh, or other Prayers in any work furnished by the Ii<iarri- 
For this purpose, tho Principal Lig\it\.oc\WT %\vaJ\ vwx'wv- "C^^ 
£unUie8 to assemble at noon in the Visitiiig O^fikne^T^' ^ts^^'b^- 



TTTT •fhT'0ft>ii 1 ii^iinr<h*fli itinp 




Atj Am*4 kr WkM* oT Mh F«brM(? ia», tk«t in Bn, 
AmmC IW MB W a per mmim te aMid m oA LigU- 
hM^« S.ta7. t. I. ntaM. «ii .nlU 

tMfWM 0» Ui Lift. ■ 



e«flan«4 in pajnn^ ■> ■»d»iJ pmniimi on i Policy <£ hfannn H 

rf*j-— liie lii«. for *fl<Ji k som u f»n be oljt»ined for mcb pn- 
, in rtffieDcs M ihc »^» of ths jarij imnreel ; the poli 



1. That it fbail be p. 
i'jiing hU life, bj bqj h 

['Iter W the Sfcrpiarv, o 



', todin 



n;.pli'.! f ..r the htnefit of hi; wife and family ; but 
-.hit the liriABD con>ider it inexpedient that in i 
retain :ht iutn coming into their hands for behi 
fiTnilv : ar.d tba: in tbe event of no written liirei 
R.viRD will apply such Eum= for behoof of the ivid 
b-Mh. aj their discretion, in sucb way as Uiey may thi 
»-':)i,iiit having rpgsrd to tbe ir 
!f ^e divided at 



in the form of ■ 

his deatb, to In 

' case the; Ehould 
of aueh rfidow or 



nilv, 



ink D 



beneficial 
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event of no Buch directions for "beboof of the widow 
nilj- being left by tlie Lightkeeper, Ihe PoUcies, and auma 
||[ from them, shall be beld bj tlie Board esclusive of tbe credi- 
|f otber useigncae of the decoased Lightkeeper, the object b^ng 
^de A fund U} the widow and family, where sooh are lefL 

; event of any Lightkeeper being at any time di«- 

H from, or leaving, the service of the Boaed, he ia to have no 

!i the Policy, nor for the annual premiums paid, nor for ila 

, in. that case, being entirely at tbfl disposal of the 

wer to them, noverthelees. If they shtdl soe cause, tu 

^ the Policy to the party dismissed or leaving the aervice, or 

mily, or to give its value, or otherwise to dispose of it. 

1 event of any Lightkeeper dyiog, mid leaving ao 
d family, tbe Eoahd will still apply tbeeums coming into their 
irma of any written directions he may leave; but failing 
n bis dying intestate, the Boabd will leave the InauraDce 
Ib MtUe with Ilia next of kin according to the ngn&l forms of law. 

t from the Salary of every Lightkeeper hereafter entering 
L of £3 shall be retained annually to clCect an Imor- 
i taia life, sabject to the above conditions. 

. These lustruotions are to be read in the Light-room 
iucipal Lightkeeper, in the hearing of his Assistant, on 
1 days, before drawing his Golury ; and notice of such 
g taken in the Monthly Rotuma. 



(Signed) 



ALAN STEVENSON, 
Engimcr. 



Edinbdbqh, 1214 DeccmhtrlBU- 
The Conunissionera having coneidored the preceding Ruk«M 
InBtructions, approve of the same ; direct them to be sub«tit*i 
for those now in uae ; apiJoint them t« be signed by the £ugiiitB. 
and copies of them and of this Minute to be issued to the pml 
LightkeeperB ; direM a copy to be delivered in future ts N 
Lightkeeper at the time of his appointment, that th^* 
UDdeTstund tbut they are placed under the department aad i^ 
intendence of the Engineer, who is held responsible for tbeati 
nl>Eerviuii?e of the Rules and iDitmctions, and fur their geM 
good conduct ; that the Engineer has power, in case of QEgMff 
disobedience, instantly to suEpond and remove any of Ihp Lj^ 
keepers, and to report the cose to the Commissioners, bv irlWB « 
will be conaidered, and the offending paiH:y subjected to dianiMd 
or such other punishment as tie offence may m.erit. Li a 
imnishment lesB than dismissal, that circumstance, as well u ii 
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.FS REW SERIES OF RUDIMEKTAIIY WORKS FOR BEOINKEHS. 



^haa 



NOTICE. 



1 found necessfiry, in the present RudimetHary 
Treatise on the intereating subject of Lighthouses — in order 
o the due development of its elementary and practical cba- 
acter, and to ensure its utility to students and the practical 
ingineer, and its comprehensive elucidation hy the author, for 
be use of those not professionally engaged — to extend it to a 
reble part. This unavoidable increase of its bulk is the only 
rsCQse offered for tho price being made 8a.; and it is antici- 
Bted that, when the matter ia investigated, — taking into 
Lccount that there are li engravings, 104 woodcuts, and 15 
iheets, of Q4 pages each, of expensively -printed matter, the 
jubliaher vrill receive the approbation r.ither than the censure 
if the public, 



June 8th, lEEO. 



J. W, 



— ELCOTiitiiTr.br Sir Wm. SnoirHkrrli.I'A.S., &c. . 

— PHEiiiUTiiimbr CliiuL TomlUuon, 

-CiTtL EmimraMiMB, by Hearr Law. C.E„ Tol. i. . 

IX (Order 

GutH^ti Aic1iil«t, Tol. 1. 

— PluriDTivi, liT Geo. Pjae, AitlBt, An' 
---' "-'-- '- Tranrlnc, tor IboOiwi 

onil ortvtion, '. 



iiTD (StylM— tlBir wvernl Biiinpleiii, by'^TBlIwi 
Bnrr, AnhlUiit, FJ.B.A., .... 



m VEALE'S HEW SERIES OF tUDIMEITAK milKS FOR BESIIIIIEm 



Mr Wgale bas prepared for publicKtioii, in H DCat 
■iie, a ieries of original BOi) useful Volumes, by the moat Bsteen 
writerB, formini; a flodimentary Course for the easy comprpbension 
ihe leading principleH of Torioua Sciences. 

It has been rpmarlied tliat " those who ara iti the ship of Scict 
ought to remembor that the dieciplei cannot arrive without the aid 
basts." Popular treatises areM Science whut boftMsre to large shlplir 
thej aagitt people In getting aboard ; but aa no one would trust hinmlT 
to <L weak or inefficient boat, bo no one ought lu begin the study o1 
Science with an imperfect guide. It soniHtimee hnppens tbat populftF 
IreaUsee are made to appear easy by the omiseion of those very detalll 
which are mosl euential to be known : they state results without goioK 
through the necessary processes by which those results are guned : 
they deal largely in facts, and leave prisciplei untouched. 

The only method of avoidia); this errar is Co confide to men who an 
muters of Iheir respective siibjccts, the ta?Ii of drawing up Pnpulal 
Introdactiona to the several branches of Science. The Publisher trusU 
■hat the following list of names will be a sufficient gaartuitee to till 
Public that what he proposes to attempt in the cause of Popular In- 
HractioD will be done well, and that these little treatises will fatlf 
uswer the purpose for which they are intended, namely, Co beconiv 
convenient and nccurate Guide-Books in Government and other Schooli, 
•nd in Popnlar luatitution; generally, while their low price will plan*' 
Ihem witliin the reach of all classes oarnlng their daily bmad, tu rnauj 
of whom a knowledge of the elements of Science is n positive Ruin In 
Itie common pnrsults of life, as well as a means of winning from gnn 
lutOB, and presenting to the mind noble and wortby oltjects of study. 

The several Beries are amply illoetratad, iu demy 12mo, each nenCly 
bound in cloth ; and, for the convenience of purchasers, the SubJKCta 
ara pnUished separately, at the ftillowing prices : — 





-GBDLoai. b7 Lieiit.-(.^1. FoitliHk, A.E., F.R.S., 

















tloMon Mineralom.''»«Mnd edition. tpLU, 


U. 




- BLBCTiiciTi.^bf air V/m. Baaw karrli, F^.S., tut. , 


u. 






- Olvit EsaiiiiHiiia, ti; Honry Law. CE, 'ol. i. 


u. 






' IXtio tStrles-IHeir .e-verid eiampliT), br^alDol 
BmTiATchiCeeCFJ.S.A., .... 


Ifc 




1.. 




»•■ 


^ 


PiuPEDTiVE. bj Geo, Pjrne, Artisi, ft.ut1im M " Yrw- 
«d ^ou„B ..udent in ^rch«.ctu,«, v„\.^., «««. 





Mr Wealths Nm Series of Rudimenlaiy Worh. 



ooKTiinr&s snaxEft or anDtniiHTAST wobss 





C.E.. Anthor or Ballwny* of Bilgdnm. 


r«l, U . . . ." . 






— . HouaB-Piimiso »nd Miiixo Coloeu, *t 

OeorsflFlflld,EHl., TOl.L, 




d^o D8mj»iei. C^ 








SwiBdaU, Amliluiil 

U™ Qf IbbTHDHRBM (BenBTBlW). hy 1- f. 

HwthBT. M. A^ of Hie llo jul aOitUT A<l>- 


BuildlngB .nd for HDiatUlE Ooodh br J«»)l 




a.B„tc..'fo!.r . - . : . 


C[Til Bad MMhaniiuil Ene'lnpo™, Anietl, SUp- 
bnildfin. and the leveral 0OBDO0«ng Arw. toLL 











Thb Seriea of Rudimentary Works, for the oae of B _ 
realiaed the anticipated BUCCfiM from that portion of Uie pal 
seek tha attainment of tbose objei^ts of acience which btlonj 
buBineu of Ufa, and the highret and moet useful gntgeea 
ElementB of Art and Sciencs. pursuing tbo game path, M 
further aid to public instruction, and to direct the atlentba. 
Heads and I*rincipalB of the several Colleges and 3<:boolB of lb* 
Kingdom, and the Rojal Military Academies, to tlieae lerUlat 
19 inl«nded to publish an Elementary Course of Mathematin I 
use of Bo^iunerB, at Is. each Tolume. 

It hag been observed by BonnycaBtla, in the Preface U 
BlameDtary Work on Algebra, that " Books of Rudim 

written, well-digested, and methodically arranged, are I 

utimable value, and too many attempts cannot be madetorc 
perfect and complete." 

To carry out this new Series sncceesfuUy and raethodinllj, I 
eminent men in Bcholaatic erudittoD and elementarr IiutnN 
been selected, under the able management and edlUng of I 
Kann, Mathematical lAutet o1^ui%iCci'^e^e,tAndMi, «ig| 



^HVr Weate'g Nrii) Series of Rndifnentajy Works. 3 

wr»tion of the foUawlng gentlflmen, will produce u set of bookB 
aball be efficient both for public and self-instruction ; — 
B. WOOLHOCEE. F-B-A-S^ Actnar;or Iliu Nntioniit Iamb FoikI, Autliw 
of BDTsrul SelonlUlc Works. 

ay LAW. CiTil-KncilleFr. Edllorand Antlor of se'eral Fron^slBnill WoriCI. 
IS HADDOH, ArilbmbUeul and Second MictienaUsiil MuUir, KintH <M- 
laie, Loudon. 

The Bnl^ecti btb as follmm; 

ktlul ud C<iminer<sl:U Eiunplei for t'noUee uid Self-Emalnii- 

LCTiou. Btiteh of nnoE-KE£FiNS, v'ttb ConciH Mod« or CbI- 
ilatian, forms of Cammorcial DooomBiiu. In English. Fruneh, 

— T»I!iTlsl OS Pliks Tbioosobhtsi. '.'.'. It 

SPHMielL TWaOBOHITH, U. 

tHTSANDPniCTlOEOFMlNBtrUTIONlKDaBDIlKr, . It. 

■HTUTTBESTI9KD-<Fo'pUl,«BXliTt<DI<D>li. U. 

MHTULCALCOLUhln Which tho l^lncdplet viU be clwlj c Lu- 

Kil. CA1.CDLD1, In which Iho Prinoiples will also be elonrly 
Icidsud 1>. 

Tht following art aiio ptMiihed or in Ikt Prtu. 
IKHTlir TBEITIBE on CDTTAQB-UDILDIlCa, DT HinU for Itn- "' 

SiM'.''5miJ0 Allen, Architect, . ' j,' ' * "■ 

lie, mors piirtlcalsrlr Oil' Conwuy »nd Briton nU 
Bridites, dtiHrtbluf the EKpErimenlfl mode to deter- 
minfl thoir form, strength, and en^enev. lofether 
irith the eanatrantlDii ofthe same, the BontlnE ud 

Jio.,b)' E.DabHiD.C.E.. 

TUB, Stdccob, and CoBCEBTB. by Gpo. R. Bumell. 

C.E 

uidOldCoantries-bTH.lAW, C.E. , 

TBEiTltE DH TUB CoKSTUHetlOK Or LlOHTnOUSES, 

ionrL^B.,''F.R^i..M.^Init.C.E.,rof L, . " . 
~^ ' Ditto, the CantioDBCion oT the aune (ohject, toL il„ 

EmployeTH. C«itra«b}rs, nnd Workman, by Djirid 
Gibhoni, :^., Antlior or TreKtlset on the '< Lbv or 
DU»pidBllon«,- »nd on tho "Lnw of riitnres," lai. 

KBJirEau throagh VBrions Idnds of StrBto, vith 
PlBtes, formlBgi. third lol. Of thaEnjlneerlnifind 
coniptetliif th&i mbject) pntjUnliiid In the Timt 

'■ LocoBDTiyEBBOiBES.deJeriWngthem 

and iho'lr'd^ and"lSolenc!,^']?B«i'e\?^?l?^r^. 

, li>raulB»andBniincBrEii bj B..Udii«3<^'^'i 




w 



ti'L- (drairiii|i-b<Hk^ 

vpplieiltoClTilEuElnKr- 
--■( (l*itV bj 1 " 




PUBLIC WORKS 



THE UNIT13D STATES OP AMERICA. 

8 Puis, Imperiai Folia, lomprising the following ver; important 



IH FhiUdolphia ffaa-worke; CDrnprlDJi^; oJpPBtlonBof bnydlnKi fooT de- 
'^'-^"-tB. retDTtA, HeetLoofl af ; gaaDiiietcn» TAnkH ; faytlraullo main pIpH, 



Plstes sra engraved in the beat Ktjie of nrt by the Le KkUXb from 
l^aborste dniwinj[s made expressly Tor the worlc. Care has been taken 
pfiiBt eitcb eoliject contains every dimension necessary to ibew propor- 



FricB £2 ; and in an Svo. vol. priea Gs. ; (sold together, £2, 6«.) 
RBP0HT8, BPBCIPICATIOHS, AND ESTIMATES 



PUBLIC WORKS OP THE UNITED STATES OF 
AMERICA: 



PUBLIC WORKS OP GREAT BRITAIN ; 



liBilways, Raila, Ctiaira, Blocks, Cuttio^, Embankments, Ta 
Oblique Arches, Viadacts, Bridges. Stations, LocomotiTe Engine>,te.: 
Caiit-lroa Bridges, IroD and Gas Works, Canals, Lock-Gates, Centni^, 
Miuoury and Brickwork for raimi Tunnels ; fanal Boats; the Loiriil 
unci Liverpool Docks, plans and dimennionB. TlQck-GatCB, Walli, Qoij^ 
iindtbeir Masonry; Mooring- Chains ; Plan of the Harbonr and Pontf 
London, and other important Engineering works, with dCocriptiomiBi 
epeeificationa ; the whole rendered of the utmoft utility to the Ciii 
Engineer and to the student, and as examples to the foreign en^nn. 
This work is on an imperial folio size, the drawings and engrarlnp 
have heen executed by eminent artists, aod no expense baa been spsnd 
in reudering it highly essential for practical use ; also, as anormi ""' 
volume of important Engineering works in soveraJ parts of tbe 
liom. There are some plates in the volume that may be prefaraiiB 
colours, viz,, the elaborate subject of tho BUsworth Cuttings, on ■'- 
Birmingham Line, 18 plates, geologically coloured ; Glasgow aod G 
kirk Railway Cutting through Mobb. 
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Bcnontdfid gentlemen; MesBiE. Lnjrd, Liverpool; Beaward, lineluWi; 
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APPENDIX A, B. 
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